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I. SUMMARY 
Presented herein are the r~sults of a Geological, Geophysical and Foundation 
Engineering Investigation for proposed design and construction of an array of 
six 40~eter diameter antennas for the Pioneer Site, DSS 11, at JPL's Goldstone, 
California Tracking Complex. 
The geotechnical investigation was conducted in three disciplines: 
1) Georogical field reconnaissance of I'he gene,'al area of 
proposed construction. 
2) Geophysical seismic refraction survey of the localized 
area surrounding the six proposed antenna sites, including 
shear wave velocity determination. 
3) Detailed foundation engineering investigation of each of 
the six sites. 
During the foundation engineering phase of the project, each of the six antenna 
sites was investigated and analyzed as a separate individual foundation problem. 
For simplicity of design the results from the ·ix separate analyses were combined, 
where possible, into a single set of recommendations applicable to more than one 
antenna site. 
The geological and geotechnical investigations indicate that the siJ< sites selected 
are relatively free from geologic hazards which would inhibit the proposed con-
struction or future antenna operations. 
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Data obtained from the shear wave velocity determination, coupled with labora-
torI test results, provided information for evaluating the response of the structure-
soil system to dynamic loading. 
Our investigation revealed that the existing soil foundation conditions at the 
proposed antenna sites 1 through 3 are of considerably lower quality than those 
encountered at proposed sites 4 through 6. Utilization of the original JPL design 
criteria limitations of 0.25 inch maximum total settlement and 0.125 inch maximum 
differential settlement indicates that sites 1 through 3 would require foundations of 
greater depth and width than at the other thre~ sites. In order to reduce the po-
tential for maximum settlement at these sites, analyses were made concerning the 
use of both cast-in-place friction piles and the removal and recompaction of the 
upper soils. The latter proposed corrective method appears to be more feasible. 
Because of the ma~sive footings obtained based on the 1/4 inch settlement criteria 
at sites 1 through 3 JPL later indicated that total settlement is not the governing 
criterion for design, as long as an 0.125 inch maximum differential settlement 
(as stated above) is not exceeded. Using this information, our analyses indicate 
that fne foundations at sites 1 and 3 could be constructed to the same design as 
sites 4 through 6. Site 2 would require a slightly wider foundation in order to 
keep within the required tolerances. 
'. 
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In summary, the required foundations for sites 1, 3, 4, 5, and 6 must be founded 
at a depth of 5 feet below finishad grade, and mIJst be 5 feet in width. At site 2, 
the depth of penetration must be 5 feet, but the width must be 8 feet. 
Because of a sensitivity of site soils to hydroconsolidation it is important to provide 
positive si~e drainage, fo limit on-site irrigation, and to carry sewage effluent to a 
reasonable distance from any of the antenna sites. 
II. AUTHORIZATION 
This investigation and report were authorized under Jet Propulsion Laboratory (JPL) 
Contract No. 955295, dated November 22, 1978. All work under this contract 
has been performed under the technical cognizance of Mr. A. A. Riewe, Project 
Engineer, of the Jet Propulsion Laboratory. 
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III. $COPE OF INVESTIGATION 
The geotechnical investigC!tion for the proposed array of six antennas was made in 
accordance with the nStatement of Work (Doc. Control No. 355-SW-714) for 
Geological and Geophysical Studies and a Foundation Investigation, DSS 11, 
Goldstone, Californian, dated September I, 1978, as modified in a meeting 
among Messrs A. A. Riewe, Bert Sweetser, and R. M. Reid, of JPL, and S. S. 
Neblett and L. S. Deutsch, of Pacific Soils Engineering, Inc. on October 31, 
1978. 
The investigation was made up of the following phases: geophysical analysis; 
geological reconnaissance; foundation investigation; shear wave velocity determi-
nation; laboratory testing; and engineering analyses. 
The geophysical analysis involved refraction lines through each of the sites. 
Methods used and results obtained are presented in Appendix A. 
The shear wave velocity determination was made in a borehole at site 3. The 
determination used a method developed by Mr. Edwin Browne, our consulting 
geophysicist. Results obtained from this phase were used in engineerir,g analyses 
to determine dynamic responses. The report on this phase of our investigation is 
in Appendix B. 
PACIFIC BOILS ENCIINEERINCI. INC. 
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Eighteen test borings, three at each antenna site, were drilled to depths ranging 
from 30 to 51 feet. The predominant material encountered in the borings was a 
gravelly, silty sand containing various amounts of cobble-sized rocks. Relatively 
undisturbed samples were taken at frequent depth intervals in each of the borings. 
These and bulk samples were taken to our laboratory for testing. Test procedures 
are described in Appendix 0; the results were used to determine soil reactions to 
the proposed loadings. The logs of Borings (Appendix C, Plates A-1 through A-53) 
contain not only the field classification and a graphical representation of materials 
encountered, but also present a portion of the laboratory test data. 
Engineering analyses were completed in order to formulate concludons and recom-
mendations for foundation depths and widths, anticipated total and differential 
settlement under dead- and live-load application, excavation, construction and 
backfilling methods and site paving recommendations. 
The geological reconnaissance made for this investigation is essentially an elabora-
tion of that which was performed for our 1974 reports. The previously obtained data 
has been combined with additional information for our latest evaluation of site 
geological conditions. 
PACIPIC SOILS ENOINEERING, INC. 
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IV. 0 ETA I LED 0 I S C U S S ION 
----------------------
A. CONSTRUCTION sITe 
1. General Site Characteristics 
The proposed array of six 40-meter diameter antennas is to be located 
at the Pioneer Site within the Goldstone complex. The area consists 
of a northerly-draining , relatively flat basin which contains the exist-
ing 26-meter diameter Pioneer Antenna and service buildings. The basin 
is approximately 1 mile long and 0.5 mile wide; it drains to an existing 
playa at the north end. Gradients within the areas of proposed con-
struction vary somewhat to an estimated maximum of seven to eight 
percent in the vicinity of site 4. On-site vegetation is relatively 
sparse, consisting of low-growing California high desert plants. 
The six proposed antenna sites are located within an area which has 
approximate dimensions of 1400 feet in the north-south directio!1 and 
1600 feet in the east-west direction. The approximate distances be-
tween adjacent antennas range from 625 feet to 950 feet. The selected 
locations are all outside of anticipated zones of influence of known 
fault traces. 
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IV. A. 2. Geology and Geophysics 
a) G&ology 
Geolo€;ical features of these sites and the surrounding area, 
extending roughly a mile in all directions, were investigated 
during the 1974 study. In the current investigation only the 
area shown on Piate 1 was considered, inasmuch as geological 
background data on the region are assumed to bo ade.:juate. 
The bulk of the study area is covered by alluvial sediments, 
hence the only bedrock outcrops are on the fringes. All such 
exposures are volcanic. Tertiary dark andesite, the major type, 
is a dark gray to black, blocky, and essentially unweathered. 
Undoubtedly this formation underlies the alluvium-covered sites 
and has engineering characteristics which are favorable for the 
proposed use. 
~ock c lassif!ed as Tertiary tuff, a medium gray pyroc lastic rock 
displaying poor bedding, occurs as a small area in the northeast 
comer of the mapped terrain. It is of limited extent, so it 
probably has rio influence on the geologic: suitability of the sites. 
PACIFIC BOlLa ENGINEERING, INC. 
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IV. A. 2. 0) Alluvium exposed at the surface consists of unconsolidated, 
locally derived debris containirg blocks large enough to int~r-
fe~e with drilling. 
Geophysical evidence, reported in the 1974 study, indicates a 
denser, more consolidated (perhaps slightly cemented) older 
alluvium underlying the slJrficial sediments. However, borings 
did not confinn this, probably because they were not deep 
enough. 
No additional geological strllctural data were acquired during 
the current investigation. Regional study and local geophysical 
work delineated faults cutting bedrock, and locally older alluvium, 
near the sites. ihe most distinct, and probably most important, of 
these faults, the Pioneer Fault, strikes north-south, cutting the 
older alluvium but not the younger sediments. It is our opinion, 
expressed in the 1974 report (p. 29) that this faulting will not 
be hazardous in terms of surface rupture, ground acceleration, 
or ground shaking. A set-back of 100 feet from the vertical 
projection of the bedrock/alluvium contact of the fault is recom-
mended. 
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IV. A. 2. a) No zones which are saturated with ground water (below water 
table) were found in the borings or suggested by geophysical 
data. Hence the water table is believed to be too deep to be 
of concern regarding damage from liquefaction, settlement, etc. 
b) Geophysics Field work 
A network of five basic lines was devised in order to augment 
previous seismic studie~ by this fiml to complete geophysical 
coverage within the confines of the new antenna array. The 
pattern consisted of two N-S lines, two lines striking roughly 
N 1 !Nt , and one E-W crosstie between antenna sites 5 and 6. 
The line lengths are based on increments of 400 feet, the longest 
is 1600 feet. 
The antenna network was located and staked by members of the 
JPL supervisory group for the project. Each antenna location had 
at least one seismic line passing through its location so that all 
lines coulu be precisely tied together without undue effort. The 
areal layout of the network of seismic lines, including location 
of the shot points is shown on Plate 1. 
PACIFIC BOILS ENOINEERINCI, INC. 
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IV. A. 2. b) An SIE P-T 100 (Southwest Instrument Engineering) seismic 
system was uti! i zed. Line spreads of 400 feet were used, 
with a geophone spacing of 20 feet. Data was obtained in 
both directions along each array by shifting the instrument 
and shot point from one end to the other. Energy from these 
shots was received at the geophones in the array; the output of 
each geophone was recorded on a separate channel of the re-
cording unit. The time of explosion, termed time break, is also 
recorded on one channel as a reference to calculate travel times 
to each geophone. Primacord (50 grain) is the explosive charge 
that was employed. Variable lengths of up to 25 feet were used 
(depending on specific line requirements) to provide an energy 
source. Each charge was placed in a pit at an average depth of 
2 feet. Shots were made at intervals of 200 feet. 
Communications and remote-shot-point cables were r1ecessary 
because the shot dista!"ces were up to 1200 feet long. A total 
of 4,800 feet of seismic line was evaluated. 
1) Operationai Considerations 
The wave energy received as firs.t arrivals at the geophones 
decreases in strength with respect to distance traveled • 
.. 
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IV. A. 2. b) 1) Compensation for this can be made by increasing the size 
of the explosive charge (by increasing the length of the 
primacord). Extraneous noisE:; recorded on the channel 
during the shot can increase the problem of recognizing 
reduced first-orrival signals. Noise can be caused by the 
instrument, by motion of personnel during shooting, by the 
wind, by equipment vibration, and by nearby electrical 
lines. A full shutdown of the Pioneer Station was not 
possible during the survey. In effect I partial shutdown 
was obtained by performing the seismic operations during 
non-tracking periods during this investigation. Noise was 
not a critical factor in limiting data collection; the data 
collection proved to be excellent. 
c) Data Analysis 
1) Introduction 
The seismic refraction survey consisted of introducing energy 
into the subsurface by exploding charges of primacord at the 
end of a linear array of gephones and seqventially recording 
the arrival of energy at eoch geophone as the wave front 
• 
.. , 
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IV. A. 2. c) 1) expands downward and outward, away from the shot point. 
In this investigation there is no interest in the wave form 
(compression, shear, or Rayleigh) the energy takes, or in 
the reflected energy. Analysis is restricted to direct arrivals 
traveling through the surface medium, and to arrivals refracted 
along deeper horizons. The relationship of interest on the re-
cordings is the time of arrival of direct or refracted energy, 
which is plotted against distance in diagrams known as T-O 
(time-distance) curves (see Appendix A). The slopes of these 
curves represent the apparent velocities in certain materials 
underl)ring those phones. If the subsurface materials are 
assumed to be horizontal beds which increase in density with 
depth and have no lateral inhomogeneities, the recorded 
velocities would be the true velocities of the various horizons. 
This type of situation is not common, so interpretative approxi-
mations and corrections are required. 
2) T -0 Curves 
Of the multiplicity of paths the wave energy from a shot point 
can take to arrive at a given geophone, the first perturbation 
in the recorded traces represents the fastest path. This first 
.. • • t 
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IV. A. 2. c) 2) arrival energy may have traveled directly to the geophone 
through the surface layer, or (depending on the distance of 
the geophone from the shot point) it may represent a com-
posite of refracted paths through one or more subsurface 
layers. The direct arrival energy (traveling through the 
surface layer) reaches the first geophones in the array almost 
immediately following the shot. As the shot energy progresses 
down the array, a point is reached at which energy following 
a composite ray path travels the fastest. Such a composite 
path may consist of a downward-refracted ray path which 
passes through the surface material, a critically refracted ray 
path along the first velocity horizon, and an upward-refracted 
ray path to the array. On the T -0 curve, a sharp change in 
slope denotes a change in velocity. At greater distances from 
the shot point (depending on the length of the line arc! the 
. 
depth of the various refracting hor:zons) these changes in 
velocity are repeated. Because velocity is assumed to increase 
with depth, the geophones most distant from the shot point read 
the highest velocities, and see the deepi!st horizon. By ex" 
tending the line length we obtain deeper information. 
• • 
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IV. A. 2. c) 3) Reduction Technique 
Data from each line (or composite lines) were plotted on 
individual T -0 curves. In order to produce a )ubsurface 
profile of the various velocity horizons (see Appendix A), 
depths were calculated on both directions of shooting, using 
variations of the Barthelmes and Wyrobecks procedures 
(references 2 and 3). These depths were offset laterally, 
as determined by the appropriate procedure, and were then 
plotted under the T -0 curve. A graphical method was used 
to determine the best fit of a surface through the two sets of 
points, one set from the forward shot and one from the reverse 
shot or each line. Time checks were made along the various 
ray paths fixed by the locus of velocity horizons (as drawn), 
the relative position of the geophones and the shot point, 
and the anomalies within the slope of the T -0 curves. These 
horizons were then shifted to assure that the time traveled 
along these paths matched the velocities and distances 
assoc iated with the ray paths. 
4) Refraction Phenomena 
Because of the path wave energy must take to be critically 
.. . . • • • • 
.. 
'. 
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IV. A. 2. c) 4) refracted along subsurface velocity interfaces, the point at l: 
which the critically refracted wave energy enters or leaves 
the interface is not directly below either the shot point or 
the r~ceiver. The basic formulas to calculate the amount of 
displacement are derivable from Snell's law. This phenomena 
creates a shadow zone (adjacent to the shot point and the 
last geophone receivers) that is as large as several hundred 
feet for the deepe~t velocity horizon. Thus an array (or line) 
could be 1,600 feet in length, but the deepest velcc·"y hori-
zon may be detectable for only the middle portion, even 
using both forward and reverse shooting. Therefore, where 
different lines intersect there may be velocity horizon match-
ing problems. Also discontinuities may exist in the shadow 
zone, and may not be recorded, although they appear in the 
middle of an adjacent line. The profiles derived from the 
data on this survey clearly illustrate this shadow effect 
because the deepest high-velocity horizons never extend to 
either end of the lines. 
Another concept which is important to bear in mind when 
analyzing such data for discontinuities is the scale of the 
• • 
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IV. A. 2. c) 4) feature with respect to the resolution capability of the 
array. Excluding a numLn of other pertinent parameters, 
the closer the geophones are to one another, the better 
able the system is to resolve small time discrepancies 
which might represent minor faults. Typically, with a 100 
foot geop~?ne spacing the interpreter is not able to discern 
small features which have only a few milliseconds delay. 
With closer geophone spacing (hence more data points over 
the same interval) such features may be resolved as faults 
or other anomalous phenomena. 
Many of the T -0 curves show quite different velocities on 
forward and reverse shots over a region which, it would seem, 
should have the same velocity. A major reason for this dif-
ference is that dipping velocity horizons are involved. The 
apparent velocity recorded when the shot is directed up-dip 
is faster because the initial path through the low velocity 
malerial is longer. Conversely, when shooting down-dip 
the apparent velocity recorded is slower than it seems it 
should be, because of a shorter initial path through lower 
velocity material. The dip of a horizon can be calculated 
• . . 
-
... 
from the two apparent velocities for the same horizon. 
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IV. A. 2. c) 5) Fault Discrimination 
Various criteria were used to identify anomalies in the slopes 
of the T -0 curves. Features on the order of a few milliseconds 
were ascribed to singular characteristics ·:>f the travel path, 
r( ner than to indicating small faults. If a feature or anomaly 
was found within the shallow horizon, but not within deeper 
horizons, it was not labeled a fault. Additionally, it was 
required that features be observable in both opposite-clirected 
shootings of the lines, i.e., the travel path of the energy must 
be affected in traveling both directions. The sense of dis-
placement {whether up or down} was taken to match. This 
means that if a fault should intersect two parallel seismic lines, 
that it should also displace both lines in the same sense. A 
strike slip fault can shift a velocity horizon so that apparent 
vertical separation at two different locations might have the 
opposite vertical sense of apparent displacement. It is 
assumed that this situation does not exist in the basin, thus 
faults are placed only where the sense of vertical displacement 
J 
corre lates • 
; 
\ The best- discriminated faults were assumed to be where two 
. . • .. ~ • 
. . 
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IV. A. 2. c) 5) broken different velocity horizons were recorded in the same 
location by both the longer shots and the shorter refraction 
line!. This occurs typically with more recent faults. Some of 
the faults were found to cut only the deepest high velocity 
horizons. Small anomalies in the T -0 curves were used only 
where dictated by the overall geometry to align with either 
a firmly discriminated fault or a series of minor ones. It is 
our opinion that the major structural features within the sur-
veyed area have been previously identified in the geophysical 
report of January 2, 1974, by this firm. Data obtained during 
the current investigation clearly supports this prem ise. 
6) Interlensing Velocity Horizons 
In some of the profiles derived from the survey the deep 
velocity horizons do not necessarily have the same values 
on the forward and reverse shots of (j given line. In cases 
where this occurs an apparent interfingering of lenses of 
differing density alluvium probably ex!'ts. To determine 
the exact nature of the change (and possible interlensing) 
would require a number of additional overlapping layouts • 
" • 
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IV. A. 2. c) 6) This was considered unnecessary, and to have little bearing 
on recognition of the major geologic structures underlying 
the site. Thus a given low-velocity horizon may have dif-
ferent velocities at either end that are not explained by a 
dipping surface, but there was no attempt to show inter-
lensing on the profiles. In some cases a definite pinching 
out of a specific horizon is observable, and is defined on the 
profiles. 
d) Evaluation 
Subsurface profiles (Plate 1 and Appendix A) show the various 
velocity horizons and structural features interpreted from the 
data. Each I ine is discussed briefly, and the overall geometry of 
the various feahJres derived from the I ines are discussed separately. 
~ach seismic line develops a slightl)" different character, thus a 
certain flexibility must be maintained for correlation between lines. 
1) Refraction line (Site 1) 
The we~temmost N-S line (1200 feet long) lies west of the 
Pioneer access road; it nas no apparent structural breaks at 
depth. This line indicates site 1 is mantled by a variabie 
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IV. A. 2. d} 1} thickness of alluvial material increasing in depth to the 
north (toward Goldstone playa). Immediately beneath the 
antenna site these surficial deposits attain a velocity of 
3850 feet per second, and a depth of approximately 60 feet. 
2} Refraction Line {Site 2} 
line 2 is a short 400-foot line displaying moderately firm 
alluvial materials nearly 120 feet thick. Three alluvial 
profiles reflect veiocities of 1100feetper second, 3200 feet 
per second, and 3850 feet per second as the depth increases 
to bedrock. No discordancy was observed in any of these 
profiles. Deeper velocity horizons of 6600 feet per second and 
10,200 feet per second were transposed from an earlier study 
submitted by this firm in December of 1973. 
3} Refraction Line (Sites 3 through 5) 
Refraction lines 3 through 5 is 1600 feet long; it strikes 
diagonally across the basin at N 15W. This profile displays 
no major discontinuity in any of the five velocity horizons, 
with the exception of a small discordancy 150 feet north of 
antenna site 3. This feature appears only on the deep horizon 
between the 5300 feet per second and 11,300 feet per second 
.. 
•• 
velocity horizons. The alluvial cover is undulator /. It 
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IV. A. 2. 
d) 3) appears to be less thick along this section, where it attains 
a depth of approximately 70 feet. The seismic profile matches 
a typical geomorphic regimen for the basin and range province 
of the desert. 
4) Refraction line (Sites 4 through 6) 
Refraction lines 4 through 6 is 1600 feet long; it is 900 feet 
east of, and strikes parallel to, companion lines 3 through 5. 
The seismic profile is very similar to lines 3 thrciugh 5, de-
picting no abrupt discontinui.·y in any horizon. Some inter-
lensing is prtlSent. As noted in .",revious profiles all velocities 
throughout the survey area are consistent for alluvial materials. 
Variable high velocities (6300 feet per second to 12,000 feet 
per second) are present in this section, reflecting seismic 
profiles of typical volcanic flow structure. 
5) Refraction line (Sites 5 throu~ 6 - Crosstie line) 
The east-west crosstie line between antenna sites 5 and 6 
indicates that a fault transects the deep 1 '>, 000 foot per 
second velocity horizon (bedrock) apparently 100 feet east 
of site 5, but does not affect the superjacent horizon of 
• 
5300 feet per second material (alluvium) • 
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IV. A. 2. d) 5) There is a discrepancy between velocity vCllues and depths 
between the intersection of sections 3 through 5 and 5 through 
6 which relates to typical sedimentation pattems in the 
desert, random channeling and deposition. However, the 
deep geometric-geologic seismic relationships are good. 
3. Field Investigation and Subsurface Soi Is 
The subsurface soi Is exploration was conducted between the 8th and 
30th of January, 1979. During this period 18 soil borings were drilled, 
utilizing a truck-mounted drill rig equipped with a 24-inch diameter 
rotary bucket auger. At each of the six antenna locations one 50-foot 
deep and two 30-foot deep borings wer',: drilled and sompl"!d. The 
borings were located about JPL -placed center stokes at 120-degree 
intervals at a 60-foot radius from the stake for antenna sites 1 through 
5. At site 6 the antenna center had been mo·.-ed 50 feet easterly of 
the center stake. The borings were thus located about the new antenna 
center at the 120-degree interval and 60-foot radius. The approximate 
location of each boring is shown on the accompanying copy of the site 
topographic map, Plate 1. 
Each boring was logged during the drilling operation, and the soils 
• . . 
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IV. A. 3. encountered were classified by visual and tactile methods. Soil 
classifications are based on the Unified Soils Classification System. 
Classification of the native soils encountered in the borings variec 
from silty clay to well-graded sandy gravel with gravelly, silty sand 
being the most predominunt soil type. These soils varied from light 
tan to medium red-brown in color, and dry to damp in moisture. The 
amount of gravel and cobble sized rocks encountered varied from site 
to site, and with depth in each boring. In general the gravel and 
cobble content increased with depth belay' ground surface. Antenna 
sites 4, 5, and 6 contain signific::untly higher amounts of gravel and 
cobbles than the other three sites. With the exception of the near-
surface materials, which were considered loose at all sites, the tight-
ness of the slJbsurtace soils also varied from site to site. The material 
at antenna sites 4, 5, and 6 wert· ::Ienerally tighter and denser than 
at the other three sites. 
No unusual snil conditions were found in any of the borings, nor were 
ground water or bedrock encountered. The rocky and predominantly 
coarse grain characteristics of the native soils caused caving of the 
boring side walls tr.'l a varying degree in most of the borings. 
Where possible, undisturbed somple$ of the native material were 
• •• • f , • 
. ., . . 
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IV. A. 3. obtained, using a split barrel drive sampler containing 2.5-inch 
inside diameter brass rings. Cobbles prevented the recovery of 
undisturbed samples at certain locations, as noted on the log of 
Borings (Appendix C). Bulk samples were also collected from each 
boring for laboratory testing. 
Upon completion of logging and sampling, all borings (with the 
exception of Boring No. 3-3) were immediately backfilled. Boring 
No. 3-3 was covered with plywood for later use in determining the 
in situ shear wave velocity. It was later backfi lied, following com-
pJetion of the shear wave velocity determination. 
logs of test borings nade during the course of the field investigation 
are provided on Plates A-l through A-53. These logs present descrip-
tions of the materials encountered, as well as a partial summary of 
laboratory test data. The laboratory data presented in the logs of 
Borings include in situ moisture content, and dry unit weight and shear 
strength. The blow counts and hammer weights given in the logs are 
those required to drive a Pacific Soils Engineering, Inc. split barrel 
drive sampler 12 inches into undisturbed material. Where a full 12 
inch penetration was not possible, due to rocks in the soil, the length 
of penetration is also given. No attempt has been made to convert 
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IV. A. 3. the blow counts for different hammer weights to those required when 
using a standard or uniform hammer weight. This was not done because 
of the poor correlation between driving energy and penetration for 
large-weight hammers. 
For determination of the in situ dynamic properties of the foundation 
soils an uphole seismic survey was conducted by Mr. Edwin R. Browne, 
Consulting Geophysicist. Boring No. 3-3 was used for the in situ 
dynamic testing, as it best represented the foundation soils at all six 
antenna sites, while having a minimum amount of caving. 
This procedure uses an impact source mounted in the bore hole to 
create sand p seismic waves. Using geophones at the top of the 
bore hole, the velocities of both types of waves in the material between 
the impact source and the geophones can be determined. By repeating 
the test at a regular interval over the entire depth of the boring, a 
velocity profile of the foundation soils can be compiled. Using the 
theories of elastic wave propagation and the mass density,~, of the 
material, the elastic parameters such CIS the Shear or Rigidity Modulus, 
G, Young's Modulus, E, and Poisson's Ratio,» ' can be obtained 
from the velocity profile. 
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IV. A. 3. Mr. Browne's report, containing a method diagram, seismic wave 
velocitie!, and calculated elastic parameters, is presented in 
Appendix B. 
The level of shearin£ strain produced during tha tests were very low. 
At higher levels of dynamic shearing strain during moderate or large 
earthquakes, the modulus values for the same material will generally 
be smaller. 
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IV. 8. FOUNDATION ANALYSIS 
1. Preliminary Design Parameters 
The following preliminary foundation loading and design information, 
on which the fo~ndation engineering analysis is based, was furnished 
to our office verbally by Mr. 8. M. Sweetser on February 5, 1979, 
and was confirmed by JPL Interoffice Memo dated February 7, 1979. 
The maximum amount of total allowable settlement was subsequently 
revised during a telephone conversation between Messrs. Riewe and 
Sweetser of JPL and personnel from our office. 
Preliminary design information states that each of the proposed 40-meter 
diameter antennas wi II be supported by a square-based steel frame. 
Each corner of the frame will be supported by a single 24-inch-diameter 
wheel riding on a circular steel track. This track will Le approximately 
2 feet above finished grade. Horizontal forces due to wind and seismic 
loading wiil be resisted by a pintle bearing located at the center of 
antenna horizontal rotation. The 10-foot-diameter pintle bearing will 
be connected to the 90-foot-diameter ring footing by grade beams. 
The estimated dead load from the antenna and frame will be in the 
range of 200 kips per wheel (800 kips total). Maximum design vertical 
live loading due to wind will be on the order of 95 kips for one wheel, 
., 
'. 
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IV. B. 1. with a corresponding unloading on the diagonally opposite wheel. 
Maximum design horizontal forces at the pintle bearing will be on 
the order of 190 kips for wind loading and 240 kips for seismic loading. 
Originally the allowable total settlement due to dead load was given 
as 1/4 inch maximum, with a maximum allowable differential settlement 
of 1/8 inch across the 90-foot-diameter footing ring. After discussion 
with JPl personnel concerning the large size of ring footing that would 
be required at sites 1, 2, and 3 because of the stringent total settlement 
allowance, it was agreed that the governing criterion for footing size 
design would be the 1/8 inch allowable differential settlement and 
that a larger, unspecified, amount of total settlemeni' could be tolerated. 
2. Theoretical Foundation Behavior 
a) Settlement Due to Dead load 
As the weight of the antenna and steel frame is added to the 
antenna ring footing, the underlying foundation soils will undergo 
initial settlement. Due to the large spacing between loading points 
on the ring footing and the assumed flexibility of the footing, the 
initial settlement is not expected to be unifonn around the entire 
ring. However, by rotating the antenna structure horizontally 
PACIFIC SOILS ENGINEERING, INC. 
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IV. B. 2. a) around the ring, the foundation soils below the entire ring will 
be loaded and allowed to undergo initial settlement. Considering 
the generally granular nature of the native soils encountered during 
exploration, the initial settlement due to dead load should occur 
over a relatively short period of time after the load is applied. 
Once the initial settlement has been completed around the entire 
footing, the foundation soils will continue to undergo a small 
amount of rebound and resettlement with each unloading and 
loading caused by the horizontal rotation of the antenna. 
As stated under the preliminary design parameters above, the 
dead load from the antenna will be evenly distributed among the 
four wheels, thus differential settlement from this source between 
the four loading points will be negligible, inasmuch as consolida-
tion characteristics at anyone site are simi lar between borings at 
that site. 
b) Movement Due to Wind Load 
When a lateral wind load is applied to an antenna superstructure 
the resulting forces tend to have a two fold effect on the ring 
footing. First, an applied lateral (wind) load will tend to move 
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IV. B. 2. b) the antenna laterally in the direction the load is applied. 
Second, when a lateral (wind) load is applied to the antenna 
superstructure, the antenna and ring footing wi II tend to rotate 
about a horizontal axis perpendicular to the direction of rotation. 
1n the first case, the antenna will tend to move laterally away 
from the wind force. This movement is resisted by the soil below 
the ring footing and the soil on the downwind side of the footing. 
The soil below the footing will resist movement through friction 
between the concrete footing and the soil, while the soil on the 
down wind side of the footing will develop a passive earth pressure 
that acts on the side of the footing to resist movement. The pressure 
wiil be developed by the soil inside the ring footing on the wind-
ward half of the footing, as well as the soil outside the ring footing 
on the leeward half of the footing. An example is shown on Sheet 
1 of Appendix E. In this example the wind direction is from left 
to right, thus the antenna tends to move toward the right. The sci I 
on the inside of the left half of the ring and on the outside of the 
right half will develop passive earth pressure to resist the movement. 
Also shown is the frictional resistance between the soil and the 
bottom of the footing that works with the passive earth pressure to 
resist the movement. 
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IV. B. 2. b) Because the wind force acts on the antenna structure while the 
soil resists the lateral movement of the footing, and thus the 
two forces are not applied in the same horizontal plane, a net 
overturning moment is created. This overturning moment tends 
to rotate (tip over) the antenna structure. The effect of the 
rotational movement on the footing and foundation soil is that 
the vertical stresses beneath a section of the ring footing 
increases while the vertical stresses beneath a corresponding 
section on the other side of the footing decreases. For instance, 
if the wind is from left to right, as indicated on Sheet 1 of 
Appendix E, the antenna structure tends to overturn (rotate) in 
a clockwise direction. The overturning moment is resisted by an 
increase in the vertical stress beneath the ribht-hand section of 
the footing ring. This is accompanied by a corresponding :;tress 
decrease beneath the left-hand side of the footing ring. The soil 
subject to the increased stress undergoes additional settlement, 
while the soil subjected to the decrease in stresses rebounds. Thus 
a differential settlement condition is created. 
If the footing ring were truly rigid {without f'exing}, the increase 
and decrease of the vertical stresses would be distributed over the 
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IV. 8. 2. b) entire ring in proportion to the distance from the axis of rotation. 
In the case of the flexible footing that is assumed to exist in this 
instance, the increase and decrease in vertical stresses depend 
on the orientation of the steel frame in relationship to the direction 
of the wind load appl ied to the antenna structure. The assumed 
worst case would be where the maximum wind load is applied 
diagonally across the square base of the steel frame. In this case 
the wind load is resisted by only the wheel diagonally opposite 
the comer from which the wind load is applied. The wheel at the 
corner from which the wind load is applied experiences stress un-
loading, while the two remaining comers are located on the axis 
of rotation and thus have no change in vertical loading. This is 
the case shown on Sheet 1 of Appendix E. 
c) Movement Due to Seismic loading 
With the present state of the art of seismic analysis, seismic 
loading is generally treated as a static horizontal force applied 
at the center of gravity of the structure. The effect on the footing 
is similar to that for an equivalent wind loading. That is, the 
structure tends to undergo both rotational and lateral movement, 
as described in paragraph b, above. 
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IV. B. 3. Settlement 
a) Methods of Analysi~ 
i 
With the present state of the art of soil mechanics and foundation 
engineering it is often necessary to make certain simplifying 
assumptions and approximations to obtain reasonable solutions. 
When such assumptions and approximations are used herein, the 
method of analysis selected is considered either to closely approxi-
mote actural field conditions, or to be on the conservative side. 
For determining the amount of total initial settlement that could 
be expected beneath the ring footing for each antenna, a simple 
and conservative method cf analysis was used during this investi-
gation. The primary reason for using this method is that it was 
concluded that the relatively moderate vertical loads placed on 
the footing by each wheel, coupled with the relatively large 
J 
spacing between loading points, would produce a negligible 
overlap of influence within the soil from adjacent loading points. 
This basic conclusion allows the distribution of stresses, and thus 
settlement, below each loading point to be determined indepen-
dently of the stresses produced by adjacent loading points. 
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IV. B. 3. a) Using the basic conc lusion described above the verticol stress 
distribution and settlement below each wheel was treated as a 
point load acting on an equivalent rectangular footing. As 
shown on Sheet 2 of Appendix E, the width of the equivalent 
footing is the actual width of the ring footing. The length of 
the equivalent footing was determined, based on the assumption 
that a point load would be dissipated uniformly with depth at a 
slope of 1:1 (45 degrees from horizontal). Within the soils below 
the foundation it was assumed that the load would dissipate uni-
formly with depth at a slope of 1/2:1 (approximately 63 degrees 
from horizontal) in both directions. 
In actuality the stresses produced below each wheel of the antenna 
frame will not be evenly distributed in the concrete or in the foun-
dation soils. The actual effective footing size and distribution of 
stresses induced upon the soils immediately below the footing 
depend upon the rigidity of the ring footing. In all probability 
the actual load will be distributed over a greater portion of the 
ring footing than was assumed in the settlement calculations; if 50, 
the average stress actually induced into the foundation material 
will be less than calculated. This, in turn, will produce less 
settlement. 
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IV. B. 3. a) Differential vertical loading due to the rotational effect of 
wind loading on the antenna structure produces a small amount 
of additional settlement under the loaded wheel or wheels. Under 
the wheel (or wheels) that have a decreased load, the soil will 
rebound sl ightly. The rebound will probabl y be elastic movement, 
but the small increase in settlement due to wind loading has also 
been treated as an elastic-type deformation. Thus the amount of 
expected settlement, as well as rebour:d, can be analyzed by 
using the theory of elasticity and the Young's Modulus derived 
from the consolidation testing. The maximum differential loading 
between any two of the legs of the antenna would thus cause the 
maximum differential settlement. 
b) Estimates of Settlement 
The foundation materials encountered at all six antenna sites 
would normally be considered acceptable for conventional 
structural developments. However, the extremely small toler-
onces, originally presented, for settlement of the antenna ring 
footings due to dead load would reduce antenna sites 1, 2, and 3 
to marginal, at best, in regard to settlement. As shown on the 
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IV. B. 3. b) summary of calculated settlements, Table I, the required footing 
size for these three sites is relatively large when initial settle-
ment due to dead load must remain below 1/4 inch. Sf#veral 
~~thods were consifkr9d for limiting the total settlement due to 
dead load, including preloading of the antenna site, short pile 
foundation, and replacement of the in situ native soils immediately 
below the footing with compacted fill. 
If the allowable total settlement due to dead load must remain at 
or near 1/4 inch, the replacement of in situ soil with compacted 
fill appears to be the most feasible method. The foundation soils 
immediately below the footing contain the most significant increase 
in vertical stresses. By replacing the compressible foundation soils 
immediately below the footing with significantly less compressible 
compacted fill the amount of total settlement anticipated is greatly 
reduced. AJ shown in Table I, replacing the first 5 feet of toil 
below the ring footing at the three marginal sites reduces the total 
settlement by approximately 30 percent. 
Once the initial dead load settlement in the in situ native soils 
below the entire ring footing is completed, additional movement 
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IV. 8. 3. b) d the ring footing due to loading and unloading or diHerential 
loading will be velY small. Thus, if the estimated differentio l 
settlement is the criterion used to detennine the size of the ring 
footings, the footing size required for antenna sites 1, 2, and 3 
is greatly reduced. As shown on Tobie I, only sitE: 2 requires a 
slightly larger footing than the minimum recommended footing 
size. 
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IV. B. 3. c) Table I - Summary of Calculated Se~tlements and 
Foundation Recommendations 
Estimated Estimated 
Footing Footing Total Differential 
Site Depth Width Settlement Settlement 
No. (feet) (feet) (inches) (inches) 
5.0 5.0 0.67 0.05 
1* 5.0 5.0 0.46.!1 0.05 
1* 10.0 8.0 0.30 0.02 
1* 12.0 6.0 0.30 0.02 
2 5.0 8.0 0.68 0.13 
2* 5.0 8.0 0.45.!1 0.13 
2* 10.0 14.0 0.30 0.06 
2* 12.0 12.0 0.27 0.06 
3 5.0 5.0 0.64 0.12 
3* 5.0 5.0 0.48.!1 0.12 
3* 10.0 10.0 0.26 0.05 
4 5.0 5.0 0.29 0.05 
5 5.0 5.0 0.34 0.04 
6 5.0 5.0 0.22 0.05 
*Altemate Foundation Size 
.!I Based on the assumption that the strata between 5.0 foot and 
10.0 foot depth has been over-excavated and replaced with 
fill compacted to 95 percent of the laboratory maximum density. 
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IV. B. 4. Bearing Capacity 
Bearing capacity for the in situ soils were calculated for each site 
using the Terzaghi bearing capacity equation for continuous footings. 
The calculated bearing capacity for the minimum-sized footing at 
each site was then checked against the bearing capac it)' required 
for the equiva:l'nt rectangular footing used in the settlement calcula-
tions. The lowest factor of safety between the assumed requ ired 
bearing capacity and the calculated bearing capacity of the founda-
tion soils is 4.8 for site 6. Calculations for the miniml1m-sized 
footings at each site are given on Sheets 28 through 33 of Appendix E. 
5. Lateral Resistanc .... 
For determining the resistance to lateral movement due to wind or 
seismic loading, it was assumed that all the lateral loading would be 
transmitted from the pintle bearing to the ring footing. No credit 
has been given to the ability of the pintle bearing or the grade beam 
to resist lateral movement. For determining the frictional resistance 
between the soil and the bottom of the footing, it was assumed that 
the antenna dead load would be transmitted to the same equivalent 
rectangular footing that was used to determine initial dead load 
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IV. B. 5. settlement. Only the weight of the antenna struch.re was used in 
friction calculation!i. The weight of the footing and the soil has been 
neglected. Lateral bearing was determined, using the entire ring 
footing for development of passive earth pressure. The minimum factor 
of safety for lateral Ic.ading at any of the sites is 9.2 for the maximum 
horizontal wind load and 7.3 for the maximum horizontal seismic 
loading. Calculatio,1S for lateral bearing and friction for the 
minimum-sized footing at each site are presented on Sheets 34 through 
39 of Appendix E. 
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IV. C. GRADING AND PAVING 
1. Cut and Fill Slopes 
Although the finished grade is not expected to be significantly 
different from the existing grade, some grading is required for 
control of surface water. Specific recommendations for control 
of water are presented in paragraph 2, below. For this grading, 
and for any other grading that is required in the vicinity of the 
subject antenna sites, it is recommended that all permanent cut or 
fill slopes be no steeper than 2-horizontal to l-vertical. Temporary 
excavation cut slopes for construction purposes could not be con-
structed steeper than l-horizontal to l-vertical. Vertical cuts 
must not be allowed. 
2. Control oT Surface Water 
The on-site native soils are somewhat sensitive to the addition of 
moisture. To minimize the possibility of undesirable conditions 
caused by partial saturation or inundation of the foundation materials, 
certain protective measures for the control of surface water must be 
implemented during the design and construction of the antennas. 
As stated above, it is not expected that the finished grade will be 
significcntly different from the existing grade; final gradients that 
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IV. c. 2. provide positive drainage away from each site are necessary. For 
the circular area inside the ring footing final gradients are required 
that will drain surface water away from the footing, into a drainage 
system. The drainage system should be designed to pick up all of the 
surface water inside the ring footing and discharge it outside the 
footing. As an additional moisture protection measure, suitable 
paving should be provided inside the footing ring and for a minimum 
of 50 feet beyond the outside of the footing rings. 
The period of October 15 to April 15 is generally considered to be 
the rainy season; however, in the high desert rains of short duration 
and high intensity are often experienced through +he year. Thus, 
provisions for control of surface water during construction, should 
be provided regardless of the time of year. As a protective measure, 
the area adjacent to the construction area should be graded at all 
times to drain away from foundation excavations and/or any temporary 
cut slopes. Also, any storm runoff ponding in the foundation excava-
tions should immediately be pumped out. 
These Ineasures for the control of water are required (and will become 
critical during a storm) for two reasons. An increase in the moisture 
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IV. c. 2. content of the foundation soi Is could lead to substantial increase in 
the amount of settlement that will Occur when the weight of the antenna 
is applied to the ring foundation. Also, an increase in moisture in the 
soils (especially saturation) would greatly reduce the stability of 
temporary excavation cut slopes. 
3. Compacted Fill and Backfill 
Surface areas that are to receive compacted fill must be stripped of 
organic material, construction debris, and loose surface soils. The 
surface areas must then be thoroughly scarified to a minimum depth of 
12 inches, watered or dried to near-optimum moisture content, and 
then rolled and compacted to 95 percent of the laboratory maximum 
density, as determined in accordance with ASTM Designation 01557-70 
(Methods A or C, 5 layers). 
On-site soils may be utilized for compacted fill and backfill, provided 
all trash, vegetation, and other deleterious substances are removed prior 
to placement. Oversized material in excess of 6 inches maximum 
dimension must be broken down or removed and wasted from the site. 
Fill material must be placed at or near optimum moisture content in 
thin lifts (not to exceed 8 inches in thickness prior to rolling), and 
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IV. c. 3. mechanically compacted to a minimum of 95 percent of the laboratory 
maximum den~ity, as determined in accordance with ASTM Oesigna~ion 
01557-70 (Methods A or C). There must be no jetting or flooding 
allowed. Backfill placed against temporary excavotion cut slopes 
should be thoroughly benched into the slopes as it is placed. 
All of the above site preparation, grading, and earthwork should be 
performed under the continuous inspection and testing of a qualified 
soils engineer. All fill and backfill should be tested at the time of 
plocement to ascertain that the required compaction is achieved. The 
minimum number of tests performed should be one test per 2 feet of 
fill or backfill depth, or per each 500 cubic yards of fill or backfill 
placed, whichever is greater. 
A soils engineering report should be prepared at the completion of the 
required site preparation and earthwork. The report should contain the 
basic quality control test data pertaining to the on-site earthwork. 
4. Paving 
Asphaltic concrete pavement may be used for paving around each of 
the antenna sites that will be subjected to vehicle loading, and for 
PACIFIC SOILS ENGINEERING, INC. 
jiPj!'P;P4;~'wr, 4U' t; 2; P ....... ' ..... ISV' ,,! ---'7** , _4,,$44 •. 4 .• is. 
April I, 1979 
Work Order 200827 Page 45 
, 
IV. c. 4. service roads connecting the sites, provided the native soils used as 
subQrade are properly prepared. Such preparation requires the removal 
of all material over 4 inches in maximum dimension, and thorough 
preparation of the upper 2 feet of subgrade material by rolling and 
compacting to 95 percent of the laboratory maximum density, as 
determined by ASTM Designation 01557-70 (Method C, 5 layers). 
The minimum thickness of the asphaltic concrete pavement should be 
3 inches. This thickness is based on the results of one California 
Bearing Ratio test performed on soils typical of the on-site near-surface 
material, and an estimate that vehicle traffic will be comparable to 
that in a light industrial area. 
5. Underground Fluid Carrying Lines 
Special care must be taken in the location and desi~n of subsurface 
fluid-carrying lines. Lines should not be closer than 50 feet to an 
antenna. Provisions must be made to allow periodic inspection. 
Discharge systems for the disposal of sewage effluent must be located 
not less than 300 feet from the center of any of the antennas. 
Backfill for utility lines that are within the footing ring, or are out-
side the ring, but within a 45-degree plane subtended from the bottom 
'. PACIFIC SOILS ENGINEERING, INC. 
April 1, 1979 
Work Order 200827 Page 46 
IV. c. 5. of the footing, should be compacted by mechanical means to a minimum 
of 95 percent of the laboratory maximum density as de term ined by ASTM 
Designation D 1557-70 (Methods A or C). 
6. Landscaping 
Any plantings must be restricted to native vegetation that can survive 
without the need for irrigation. 
7. Ease of Excavation 
Blasting will not be required for excavation during grading on the 
sites. However, the large amount of oversized material present will 
require the use of large-sized equipment ("0-8" tractor or larger). 
The granular nature of the native soils and presence of oversized 
material will require that no vertical cuts be allowed. Thus, forming 
of footings wi II be necessary. 
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The seismic refraction survey exhibited no velocity 
~ dis·contlnui ties at Sites 2, :5, 4, and 5. At Site 1 
there appears a slight displacement in the apparent 
velocity of bedrock at a depth of 60 feet. This is 
believed to be erosional. At Site 6 there is a 
velocity inversion. Approximately three feet o! very 
low velocity material is sandwiched between ~/O higher 
velocity layers. This is typical of a lag deposit and 
since it could cause lateral instability should be 
tho~oughly investigated by the drill. 
The shallow shot holes in the vicinity of Sites 4, 5, and 
4. ,e" « ·4 .• 
~ could not be drilled with the portable auger. The ne~r 
8urface soil is a mixture of pebbles ranging to eight inches 
in diameter 8.'ld very fine sand. An Abundance of boulders 












The location ot lines is shown on the Location Plat, Figure 1. 
A summary of the velocities recorded is presented on Figure 2 
for quick reference. 
Refraction Line, Site 1: 
The 'velocity of the weathering varies considerably on this 
line, from a low ot 800 ft/sec to a high of 1200 ft/sec. 
It appears to consist of soft sand and occasional thin 
layers of gravel. The older alluvium varies from 3450 ft/s~c 
to 4100 ft/sec and thickens ·from 20 feet at the south end 
of the line to 100 feet at the north. Small deviations 
in the time-distance plots are believed to be caused by 
changes in the weathering velocity and minor erosional 
channels within the velocity layer. A major change is 
shown on the 6400 ft/sec apparent velocity plot shot from 
S.P. G. This is also believed to be caused by erosion 
since no sharp displacement denoting a fault is recorded 
~n the corresponding 7600 ft/sec plot north shot from S.P. c. 
The presence of a high velocity horizon is indicated by 
a 12,000 ft/sec velocity and a 9600 ft/sec velocity 
recorded on the long shots. The data is not sufficient to 
directly correlate and plot the horizon b~t it can be 
assumed that a true velocity in excess of 10,000 ft/sec 
is present at approximately 300 feet beneath Site 1. 
Refraction Line, Site 2: 
The 400 foot line shot across Site 2 provided more definition 
On the shallow velocity horizons. No significant dis-
continuities were found. The 6600 ft/sec and 10,200 ft/sec 
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INTERPRETIVE RESUL!.~ (Con t. ) 
Refraction Line, Sites 3 and 5: 
No velocity discontinuities were found in the vicinity of 
these sites. There appears to be a fault in the high 
velocity interface 150 feet north of Site 3, however there 
1s no evidence that this fault is present in the shallower 
horizons. 
Refraction Line, Sites 5 and 6: 
There is no evidence of faulting in the 3600 or 4425 ft/sec 
horizons at Site 5. There is quite a discrepancy in 
velocity values and depths between the two sections inter-
secting at Site 5. This is not unusual in refraction, 
especially in relatively cor.firled valleys which has under-
gone flow-type deposition. A fault is indicated 100 feet 
east of Site 5 in the high velocity horizon but there is no 
sign of any faul ting in the shallower horizons. 
At Site 6 we see a velocity discontinuity in the 4250 ft/sec 
apparent velocity. This is not a fault and the same 
discontinuity is evident on the cross line and will be 
discussed separately. There are no discontinuities in the 
other velocity horizons. 
Refraction Line, Sites 4 and 6: . 
Site 4 is clear of faults or discontinuities. Between S.P. E 
and S.P. H there are several examples of a shallow velocity 
discontinuity caused by a velocity inversion where a layer 
of very low velocity I!laterial lies br-tween two higher 
velocity layers. This is evident oa the east-west line also. 
Refer to Figure 3 for sample calculations with respect to 
this anomaly. The thickness of this "stringer" is probably 
two or three fee t. 
p. , 
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INTERPRETIVE PRaCEDU~ 
The thickness of the weathering layer can be measured only 
at the shot points. This is normally done with the Inter-
cept Method. This method is used on Figure 3. In multi-
layer cases the Graphical Method is used (see Figure 4). 
When ray paths are constructed from all apparent velocities 
the interpreter can tell which apparent velocity in one 
direction matches its counterpart in the other direction. 
The dip of each horizon segment c~~ be calculated. Time 
checks of total travel paths must be made for each layer. 
A certain amount of smoothing is done on the final pre-
sentation. 
lIELD OPERATI~NS 
The field crew was mobilized on November 27, 1978, and the 
field work carried out on November 28, 29, and 30. The 
energy sourceused was 50 grain primacord buried at an 
average of two feet. V,'here possible a portable auger rig 
was used to drill the shot holes. About half the holes, 
those on the southeast part of the prospect, had to be 
dug by hand as the near surface soil was a fine grained 
sand mixed with loose rock and boulders. Shots were fired 
with a SIE blaster ~~d the time break transmitted by a 
built-in electronic telephone. 
Spreads of 400 feet were used and a geophone separation of 
20 feet. Shots were taken every 200 feet to give good 
shallow control. The seis~ic system was a SIE PT-IOO 
system. The operation enjoyed excellent weather with 
practically no wind. Data quality was excellent. 
A four man crew was used the first day, and a three tuan 
crew thereafter. Besides the instrument and cable 
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SIE PT-100 Refraction Seismograph'w/Filter Unit 
, SIE Capacitance Blaster w/E1ectronic Telephone 
Geospace HS-1 Refraction Geophones, 14 HZ 
Refraction Cables and Telephone Line 
SIE PRO-II Recording Oscillograph 
Portable Shothole Auger Drill 
PERSONNEL 
Edwin R. Browne 
Paul Mairesse 
Robert B. Dicken 
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SHEAR WAVE VELOCITY DETERMINATIONS 
PROPOSED ANTENNA SITE THREE 
BORE HOLE 3-3 
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Pacific Soils Engineering Inc. 
1402 W. 240th Street 
Harbor City, Ca. 90710 
Prepared By: 
Edwin R. Browne 
Registered GeophYSicist 
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Pacific Soils Engineering Work Order 200827 
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PIELD OPE!UTI..,NS 
.The Be! Hllic survey to determine P-V:ave and S-~'''ave velocities 
at Bore-hole ,-" Pioneer Site, was undertaken on January 
'0, 1979. The temperature was near freezing and the wind 
br1sk. 
Recording instrumentation ~as the same as that used on the 
previous refraction study described in the report dated 
December 1', 1978. 
The do~nho1e energy source is described in the attached . 
"llethod Diagram". We wish to thank the personnel of Pacific 
Soils, JPL, and Tri-Valley Drilling for their assistance 
in handling the downhole equipment. 
p & S waves were recorded every two feet fro~ 10 feet to 
,0 feet. Below this the hole had belled out considerably. 
RESULTS 
There was a marked break in velocities for both the P and 
S Waves at approximately 19 feet. The reatli~gs at 14 feet 
were discarded as the time break for that depth was in error. 
The time-distance plots of P-\'!aves and S-Waves are attached 
as are the computed results using an average density of 
119 1bs/cu.ft. as supplied by Pacific Soils. These results 
were calculated with a slide rule and should be rechecked 
with a floating point calculator. 
.. 
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Average P Wave 
Velocity, Ft/Sec. 
Average S Wave 
Velocity, Ft/Sec. 
Average Unit Weight, '( 
Ibs/cu. ft. 
Poisson's Ratio, \I 
Bulk Modulus, K 
x 106 Ibs/in2 
Rigidity Modulus, G 
x 106 Ibs/in' 
Young's Modulus, E 
x 106 Ibs/in2 
2 2 )) = Vp - 2 Vs 
2(y 2 _ V 2) 
p s 
G= C ~ V 2 
s 
WHERE C = 2.16 x 10-4 
ZONE 1 ZONE 2 
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APPENDIX C 
LOGS OF BORINGS 
PIONEER STATION, DSS 11 
JET PROPULSION LABORATORY 
GOLDSTONE, CALIFORNIA 
PACIFIC SOILS ENGINEERIN~. INC. 
, ,,",, . . 
. 'I • t 
. ' -' -
. 
MAJOR DIVISIONS TYPICAL NAMES 
COARSE- GRAVELS CLEAN GW 
Well-graded gravels, gravel-sand mixtures, 
GRAINED (more than GRAVELS little or no fines. 
SOILS 50% of (little or Poorly-graded gravels or gravel-sand mixtures, 
(more than no fines) GP little or no fines. coarse 
500A, of fraction is GRAVELS 
material is LARGER WITH FINES GM Silty gravels, gravel-sand-silt mixtures. LARGER than the (appreciable than 200 No.4 sieve 
sieve size) size} amt. of GC Clayey gravels, gravel-sand-clay mixtures. fines) 
SANDS CLEAN SW Well-graded sands, gravelly sands, little or (more than SANDS no fines. 50% of Pocrly-graded sands or gravelly sands, little 
coarse SP or no fines. 
fraction is -
SMALLER SANDS SM Silty sands, sand-silt mixtures. than the W!TH FINES 
No.4 (appreciable 
sieve size) a.nt. of SC Clayey sands, sand-clay mixtures. 
fines) 
Inorganic silts and vert fine sands, rock flour, 
ML silty or clayey fine sands or clayey silts with 
FINE- SILTS AND CLAYS sl ight plasticity. 
GRAINED (liquid li'ilit less than 50) Inorganic clays of low to medium plasticity, 
SOILS CL TEravelly clays, sandy clays, silty clays, 
(more than lean clays 
.50% of Ot Organic silts and organic silty clays. 
materia! is 
SMALLER Inorganic si Its, micaceous or diatomaceous 
than 200 MH fine sandy or silty soils, elastic silts. 
sieve size) SI LTS Al...J D CLAYS 
Inorganic clays of high plasticity, fat clays. (liquid limit wore than 50) CH 
Organic clays of medium to high plasticity, 
OH organic silts. 
HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils. 
BOUNDARY CLASSIFICATIONS: Soils possessing characteristics of two groups are designated by 
combinations of group symbols. 
UNIFIED SOl L CLASSIFICATION SYSTEM: R - Undisturbed 
Sample 
B - Bulk Sample 
~ Groundwater Table or 
Groundwater Seepoge 
Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical 
Memorand1/m No. 3-3571 Vol. 1, March, 1953: {revised Aprii, 1960~. 
~W~,O_.~~d~2Z: ________________________ ~O~AT~E~~~ __ __ 
.'.00;, , 
... ----------------~---.-------~-----~-~.~---~-.-. - -~ - .--
1-11-79 DAf£ __________ __ 
F.D. 8Y ______ _ 
PACIFIC SOilS ENGINEERING,INC. WORK ORDER 200827 
1402 WEST 240th STREET 
HARBOR CITY, CALIFORNIA 80710 SHEET NO. -L OF....;3~_ 
SUBJECT Pioneer Site; Gold::tone, California 
Antenna No. 1 









o UNDISTURBED SAMPLE 
o BULK SM4PLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Silty Fine Sand, light brown, dry, loose, 
5 to 10% angular to subrounded gravel to 
1-1/2 inches. 
Fine Sandy Clay, light red-brown, dry to damp, 
stiff, scattered angular to subrounded gravel to 
1 inch. 
9-' Silty Fine to Coarse Sond, slightly clayey, 
2550A light red-brown, dry, medium del"se, 5 to 10% 
angular to subrounded gravel to 1-1/2 inches. 
The sand is predominantly in the fine range. 
Below 13 ft. 30% ::. angular to subrounded gravel 







~~--"" ________ ~~. ____ --~-..... " __ -~-"'_"'--·-"."'4·4!"111"111111!114 •....-1"","",e!llll-.. e_ ......... , 







1402 WEST 240th STREET SHE ET NO.2-OF _3 __ ... 
HARBOR C!TY. CALIFORNIA 90710 
SUaJECT Pioneer Site; Goldstone, California aORING NO. 1-1 
---....---------~------~~-------------------- ------------










o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
'FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, 
as above. 
Dense below 20 ft. 
Below 25 ft. the fines are cohE.sionless. 
PLA'fE A-2 
· ' __ T. __ .~~T' _~ _--- _________ ~ __ ....~-~-~ ..... o,..._--'~-----.. ---.... -4I11'1111!1"q., IIIII"IIIJI'''' ... • ... · _4 ---"'WI!.*,1!11111 
DATE _1_-_1_1-_7_9 __ 
IY F .D. 
-------
PACIFIC SOILS EN GINEERIN G ,INC. WORK ORDER _20_0_82_7 __ 
1402 WEST 240 til STREET 
HARBOR CITY. CALIFORNIA e0710 SHE ET NO.2-OF 
3 
SUBJECT Pioneer Site; Goldstone, California BORING NO. -----_ .. ' - -------..;...----------- ------1-1 






o UNDISTURBED SAMPLE o BULK SAMPLE 
A PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Silty Fine to Co~rse Sand, gravelly. 
END'OF BORING AT 31 ft. 
NO WATER 









1-11 thru 12-79PACIFIC SOlLS ENGINEERING,INC. 
F.D. 1402 WEST 240 th STREET' 
HARBOR CITY t CALI FORNIA 10710 
WORK ORDER 200827 
SHEET NO.~OF_3 __ 
SUBJECT ________ Pi_o_n_ee_r_S_i_te_;_G __ o_ld_st_o_ne~,_C_a_li_fo_r_n_ia ______________ _ BORING NO. _1_-_2 ___ _ 








o UNDISTURBED SAMPLE 
o BULK SAMPLE 
II PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOi'_ CLASSIFICATION 
Silty Fine Sand, light brown, dry, loose, 
scattered angular to 5ubrounded gravel to 
1 inch. 
Grave y Si ty oy, light red-brown, dry to 
sl ightly moist, stiff, 15% + angular to sub-






Gravelly Silty Fine to Coarse Sand, slightly 
clayey, light red-brown, dry, dense, 2(/'..J + 
angular to subrounded grc.. vel to 1-1/2 i nch;5 • 
The sand is predominatel}' in the fine range. 





... -=::::........ ___________ ~.....:..:....:.::-.:::.: .. -=.-=-==::::.-=--._=_:::-=.:::.-::.:.'.=---...:...:.-~ _____ ~'___'_'_=:_ _____ '_·'-_'-'=:'..!."c..,..~ ......,, _______ ~ 
l ! 
• ¥ La: $ ,...w 4.- '. 
DATE1-11thru12-79 PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
IY F.O. 
SUB"ECT 
1402 WEST 240 th STREET 
HARBOR CITY. CALI FORNIA 80710 SHEET NO. ~ OF _3_ 
Pioneer Site; Goldstone, California BORING NO. 
--------------------------- ------------
1-2 
Antenna No. 1 SURFACE ELEV._3_3_5_2 __ 
-, 
w 









o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAM!'LE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
15% + subangular to subrounded cobbles to 






Fine to Coarse Sandy Grovel, sligf,tly silty, 
light brown, dry, dense to very dense, 
60% + angular to !.ubr(,;unded grovel, 10% + 
subangular to sub rounded cobbles to 5 inches. 
Below 29 ~ ft. light red-brown, dry, 
very dense. PLATE ~,-5 
.. 
.. 
DATE 1-11 thru 12-79 PACIFIC SOILS ENGINEERING,INC. WORK ORDER 2_0_08_2_7 __ 
BY F.O. 
-------
1402 WEST 240th STREET 3 3 
SHEET NO. _ OF_ 
HARBOR CITY. CALI FORNIA 80710 
SUB JE CT ___ .... P.;.;io;..;.n;.;;;.e __ er .... S;;..;i .... te~j_G.;;..o.;...l;.;;d.;...st_o.;.;.ne.:;..l,t....C ___ al;..;,.if_o_rn_i_a _______ BORING NO. _1_-_2 __ _ 




o UNDISTURBED SAMPLE 
o BULK SAMPLE 
t:::. PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Fine to Coarse Sandy Gravel. 
END ,OF BORING AT 31 ft. 
NO WATER 




DATE __ 1-_1_1-_7_9 __ 
F.O. 8Y ______ _ 
PACIFIC SOILS EN GINEERIN G, INC. WORI< ORDER 200827 
1402 WEST 240 th STREET 1 4 SHEET NO. _ OF __ _ 
HARBOR CITY. CALIFORNIA 90710 
SUB JE CT _P_i_o_ne_e_r_S_i_te...;.;_G_o_ld_s_to_n_e~,_C_a_l_if_o_rn_i_a __________ BORING NO. __ 1-_3 ___ _ 
Antenna No. 1 3350 __________________________________________________ SURFACE ELE~ ______ _ 
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
*. SAMPLE NOT RECOVERED 










Silty Fine Sand, light ~:;'~"iI, ~f)', Ivo~e. 
5 to 10% angular to subrounded gravel, 
scattered subangular to subrounded cobbles 
to' 5-inch size. 
Gravelly Silty Cloy, light red-brown, dry, 
stiff to hard, 12% + angular to sul:.rounded 
gravel. -
ravelly Silty Fine to Me ium Sand, light 
brown, dry, medi urn dense to dense, 25 % + 
angular to subrounded grovel, 20 %+ sub- -
angular to subrounded cobbles to 6 inches. 
Gravelly Silty Cloy, Ii red-brown, dry, 
CL 13- stiff to hard, 10% to 15% angular to sub-
10.5 1. 20 2550# rounded ave I to 1 inch. 
SM-+----r-~"~~~~~~~~-------------Gravelly Silty Fine to Coarse Sand, light 
red-brown, dry to slightlt moist, medium 
dense, 25 % + angular to subrounded grovel to 
2 inches. The sand is predominantly in the 
fi~e range. 





DATE _1_-1_1_-7_9 __ PACIFIC SOILS ENGINEERING,INC. WORK ORDER _2_0_0_82_7 __ 
1402 WEST 240th STREET' 2 4 SHEET NO. _ OF __ _ 
H ARBOR CITY. CALI FO RNIA 1¥)710 BY 
F.D. 
-------
SUBJECT _P_io_n_e_e_r _S_it_e,_· _G_o_ld_s_to_n_e_,_C_c_I_H_o_rn_i_c __________ BORING NO. _1_-3 ____ _ 























o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Moisture content increasing slightly with 
depth. 
vravelly Silty Fine Sand, red-brown, 
damp to slightly moist, 50 % + subangulcr 
to subrounded cobbles to 12 i;ches. 
. 
Gmvelly Silty Fine to Coarse Sand, red-
brown, slightly moist to moist, dense, 25% + 
anglJlar to subro.unded gravel, 20% + sub- -
angular to subrounded cobbles to 6 inches. 
The sand is predominantly in the fine range. 
PLATE A-8 







IV F 000 
-------
PAC IFIC SOILS EN GINEERIN G t INC. WORK ORDER _20_0_82_7 _ _ 
1402 WEST 240th STREET 
SHEET NO. ~ OF _4 __ 
HARBOR CITY. CALIFORNIA 80710 
SUI"E CT _P_i.:,.p_ne_e_r_S_i_te..;.i_G_o_l_d_st_o.r_,_e ,:..-C_a_li_fo_r_n_i 0 __________ BORING NO. -2:_3 ___ _ 









LOG OF BORINGS 







o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, 
as above. 
Below 34 ft. 35 % + angular to subrounded 
gravel. -
At 37 ft. 1.5 ft ~ + lens of gravel with 
many ccbbles to 1'0 inches. 
Fine Sandy Silt, red-brown, domp to slightly 
moist, firm to stiff, 10 % + angular to sub-
rounded gravel to 1-1/2 ir~·ches. 
II Gravelly Silty Fine Sand, red-brown, slightly il moist t~ moist, medi um dense to dense, 15% + 
angular to subrounde:d gravel to 1 inch. -
PLATE A-9 




1-11-79 DATE _____ _ PACIFIC SOILS ENGINEERING,INC. WORK ORDER ____ _ 200827 
1402 WEST 240 th STREET· 4 4 
SHEET NO._ OF __ _ 
HARBOR CITY. CALIFORNIA 90710 
F.D. IY _____ _ 
SUBJE CT __ P_io_n_8_e_r ~Si~te_;_G~o_ld_st_o_ne_,_C_a_\i_fo_r_ni_a _________ BORING NO. _1_-3 ___ _ 
Antenna No.1 SURFACE ELEV. 3350 
------------------------------------------ ------
LOG 
50 106 6.5 4.20 
OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* . SAMPLE NOT RECOVERED 
FIELD SO!L CLASSIFICATION 
Graveily Silty Fine Sand 
At 46 ft. 1 ft. + lense of cob'.,les. 
END OF BORING AT 50.5 ft. 
NO WATER 





DATE _1_-1_2_-7_9 __ 
F .0. IY __________ _ 
PACIFIC SOILS ENGINEERING,INC. 
1402 WEST 24" th STREET 
H ARBOR CITY. CALI FO RNIA lOTIO 
-----.,- -- _. -" 
WORK ORDER 200827 
1 4 SHEET NO._ OF ___ _ 
SUB JE C T ____ P_i_on_e_e_r_S_it_e.;..i _G_o_l_ds_t_on_e...:,~C_al_if_o_r_ni_a ________ BORING NO. _2_-_1 __ _ 






".:.,: .:' .... : ... 
.. .. :-.'.:.,.: . 
OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Silty Fine Sand, light brown, dry, loose, 
scattered angular to subrounded gravel to 
1 -inch. 
. 5 -/\/~.; .. ;,):;:: 4-' 
:::··0·:··> 103 6.0 0.73 2550~ 
-;-'i~.:..;' ~--+---l----+S"-;C...--f---='::-="':"+------------------
- ..=/~ ... :.~.:.;. Clayey Fine Sand, light red-brown, dry, 
...... '. 
: •• : •• : stiff, scattered angular to subroundtd aravel 
... : .. ::: ..... -:~ .. ~: •• :; to 1-1/2 inches., 
-......... . 
~ ... 4_ • A 
' ....... . 
. ......•... 
: ;M);l\~j~ 
10 - 'ii~\iit~{,: 
';:'. 0";':' 109 
. " 






Gravelly Silty Fine to Coarse Sand, light 
brown, dry, medium dense, 25% + angular 
to subrounded gravel to 2 inches.-
1/ Gravelly Silty Fine Sand, slightly clayey, 







PACIFIC SOILS ENGINEERING,INC. 
1402 WEST 240 th STREET 
HARBOR CITY I CALIFORNIA 80710 
-- - . ------..~-- ~-..--..,....,.-
WORK ORDER 200827 
SHEET NO. ~ OF _4 __ 
SUBJECT _______ P~i~o~ne~e~r~S~i~te~;~G~o~l~c~st~o~ne~,~C~a~li~fo~r~n·~la~ ____________ _ BORING NO. 2-1 
------











o UNDISTURBED SAMPLE 
o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
angular to subrounded gravel to 1-1/2 inches. 
Scattered subangular to subrounded cobbles 
to 5 inches. 
1700- Grovelly Silty Fine to Coarse Sand, light 
red-brown, dry, dense to very dense, 25% + 
angular to subrounded gravel, 15% + sub- -




z. ....... - - ----- ---""'4Ef q _ ...... _--___ '44_ 
c,'rE 1-15-79 
F.O. Iy ______ _ 
PACIFIC SOILS ENGINEERING,INC. 
1402 WEST 240th STREET' 
HARBOR CITY. CALIFO~NIA 10710 
WORK ORDER 200827 
------
3 4 SHEET NO._ OF __ 
SUB.lE CT ___ ....;P;..;i~o.;..;.ne~e;.;.r....;S.;..;.it~e;.L;....;G;..o:::...;l;..;:;d;..;st...;;.o.;.;.ne:.J,L-C~a.;.;.1 i.;..fo;..,;,r...;.ni....;a ________ BORIN G NO. __ 2_"_1 ___ _ 











o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIFLD SOIL CLASSIFICATION 







. _._ .. _ ~___ .. ~~ ...-..--- ______ ~ ... _~ ___ --~ -~~-• ...., .. _----( ~~.--.-.-~e-1IJI4""'!4""· ;1!II;;;aP"'l'~j~;~$_4-""'.; 
DATE __ 1-_1_5_-79 __ PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
1402 WEST 240 th STREET 4 4 SHEET NO. _ OF __ 
HARBOR CITV t CALIFORNIA 80710 IV 
F.O. 
---------
SUBJECT Pioneer Site; Goldstone, California BORING NO. 2-1 --------------~------~~--------------------- -----------






o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Below 45 ft. 20% + angular to subrounded 
gravel, scattered subangular to subrounded 
cobbles to 6 inches. 
END OF BORING AT 51 ft. 
NO WATER 
SLIGHT SLOUGHING ABOVE 6 ft. 
Ii. 






·r-.... <~,,¢~_IIII. 1!!IlI.A~.8·$"';.~e.w~··""', --~'----~'''-~''''---'''''''''-~--~~--''''.-~--''''''''-''''''''----'''---.-;""",.'''-l1lI1111 ...... '''" ••. "':"""'··_""4_; 
-' .. 
DATE _1-_1_5-_7_9 __ PAC IFle SOILS EN GINEERIN G, INC. WORK ORDER -o;;;2 .... 0-..0B;;,;;2;.;.7 __ 
BY F .0. 
-------
1402 WEST 240 ttl STREET 
H ARBOR CITY I CALI FO RNIA 10710 
SHE ET NO • .l- OF _. _2_ 




















o UNDISTURBED SAMPLE 
o BUL" SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Silty Fine Sand, light brown, dry, loose, 
less than 10% angular to sub rounded gravel 
to 1-1/2 inches. 
Silty Fine Sand, slightly clayey, light red-
brown, dry, medium dense, less than 10% 
angular to subrounded gravel to 1-1/2 inches. 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry, loose to medium dense, 20% to 
25% angular to subrounded gravel, scottered 
cobbles to 4 inches. 
f • 
Clayey Fine Sand, light red-brown, dry, 




____ . _~ _____ . _ ,~_'. _..-_ __....,..,....--.,~~~_~~, ~ .... _ ...... ~ ......... ~_ ..__ r::_--~ ........ -",."",,,,."'411'444,,,". _I .'. !'I!'II.E.S __ ' ......... 
DATE _1_-_15_-_7_9 __ 
Y F .0. B ______ _ 
PACIFIC SOILS EN GINEERIN G, INC. 
1402 WEST 240 th STREET 
HARBOR CITY. CALIFORNIA 90710 
WORK ORDER _200_8_27 __ 
SHEET NO.-LOF_2_ 
SUBJE CT ____ P_i_o_ne_e_r_S_i_te~i_G_o_l_d_st_o_ne...;I:.._C_a_li_fo_r_n_ia _______ BORING NO. __ 2_-_2 __ _ 













o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
14-







Gravelly Silty Fine to Coa~e Sand, slightly 
clayey, light red-brown, dry, medium dense 
to dense, 25% + angular to subrounded gravel 
to 2 inches. -
Sandy,Poorly Graded Gravel, slightly silty 
light brown, dry, dense, 55 % + angular to 
subrounded gravel, scattered suS-angular to 
subrounded cobbles to 4 inches. 
END OF BORING AT 30 ft. 
NO WATER 
SLIGHT SLOUGHING ABOVE 4 ft •. 
PLATE A-16 
" /" 
·_._~ ___ ~<'_'-' __ ............ _____ ~"T" ", __ -~~-r-::"'''''-'''''-;'''''_''II;4 .. ;e1l''l4Q1111q ................... ~t ... - .......... ..
DATE _1_-_15-_79 __ 
IY F.D. 
-------
PACIFIC SOILS ENGINEERING,INC, WORK ORDER 200827 
'402 WEST 240th STREET 
HARBOR CITY. CALIFORNIA 90710 SHE ET NO. ---L. OF _3_ 
SUBJECT __ P_io_n_e_e_r _S_it_e,_, _G_o_ld_s_to_n_e_,_C_a_l_if_o_rn_ia _________ BORING NO, __ 2_-_3 __ _ 
Antenna No.2 
------"'--------------------------------










o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
. FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine Sand, light brown, dry, 
loose, 15 % to 20% angular to subrounded 
gravel to 1-1/2 inches. 
Medium dense below 3 ft. 
Gravelly Silty Fine to Coarse Sand, slightly 
clayey, light red-brown, dry, medium dense 
to dense, 25% + angular to subrounded gravel, 
scattered suban9~lar to subrounded cobbles 





.... ~.-.. ~----'-~. ~--~. -~-----'-~ ......... _...----~--~. __ . _ ....... ~.¥"":_"'. _4 _____ I11III ...... 
DATE _1_-_16_-_79 __ 
IV F.D. 
--------
PAC IFIC SOILS EN GINEER'N G, INC. 
1402 WEST 240th ~TREET 
HARBOR CITV t CALI FORNIA 90710 
WORK ORDER _2_00_8_2_7 __ 
SHEET NO. ~ OF_3 __ 
SUB.lE C T __ P_io_n_e_e_r _5_it_e,:,..· _G_o_ld_s_to_n_e.:..,_C_a_'_if_o_rn_ia _________ BORI NG NO. -.;;;2:.--...:::3~ __ 




LOG OF BORINGS 
o UNDISTURBED SAMPLE 
D BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 









t'oorly l:1radeo \.7ravel, dry, dense, cobbles 
to 12 inches. 
Gravelly Silty Fine to Coarse S-:.:md, slightly 
clayey, light red-brown, dry, dense, 20%+ 
angular to subrounded gravel, sc:attered -
subongular to subrounded cobbles to 6 inches. 
PLATE A-18 
---- .. ---~-- ~----.------.. ---- ----
'. 
6& a; ~. ... 'LV 
PACIFIC SOilS EN GINEERIN G t INC. DATE __ 1-_1_6-_7_9_ 
F .0. BV _________ _ 1402 WEST 240th STREET 
HARBOR CITV, CALIFORNIA 80710 
SUBJECT Pioneer Site; Goldstone, California 
Antenna No.2 
- . Me. Up;. $SA 
------------------------------------------------------
WORK ORDER 200827 
SHEET NO.~OF_3 __ 
BORING NO. 2 - 3 
SURFACE ElEV. 3362.0 
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
l:l PLASTIC BAG SAMPLE 
* SAMPl!:: NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand. 
END OF BORING AT 30.5 ft. 
NO WATER 




' . .4.. ( .~.. ....... 
___ ~ ________ ----._.-----------.. ~----~--r.------~.~.~.~k.~~.~;"--~oq~ .. ,...,. ...11J1115 .. "' ..... j~, fW~j,.,+IIIIIIlIlI$.e .... --~.-'.-- ~.....-...---.. .... ~ 
1/26/79 DATE __________ __ 
F .0. 8Y ______ _ 
PACIFIC SOILS ENGINEERING,INC. 200827 WORK ORDER ____ _ 
1402 WEST 240th STREET 1 3 SHEET NO._ OF __ HARBOR CITY. CALIFORHIA 80710 
SUB JE C T ____ --'-P~io::.n:.llle~e.L..r ,:,S,l,Jit,:,e .... i ..::.Gc:.:o'-!.l~ds'-!.t.xo:.::ne::..,~C:.:=ai.Li1 i~fo~ri.:.:n::..:i a~__________ B ORI H G NO, __ 3_-_1 __ _ 







o UNDISTURBED SAMPLE o BULK SAMPLE 
f:l PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CL ASSIFICATION 
Silty Fine Sand, brown, moist, loose, 
5%:: angular to subrounded grovel to 1 inch. 
Gravelly Silty Fine to Coarse Sand, light 
red-brown, dry to damp, loose, 30% + angular t 
subrounded grovel to 3 inches, -
_ CL Silty Clay, red-brown, domp to slightly h moist, stiff, 5%:: gravel, 
S _ i~(7~Ct-1-1-5-+--7-,-0-;-1-,4-0---1t-S-M--+!-!-~oH-+--~-~~-~-:-~-~ 2-\-i~-:~-:-Y :-~-i:-:-~a-::-d-t~-O$-;~-:-~o-o:-:-~-~-:-:-I~-r~-;-t:-:--
::':'0"': 124 5.5 1.25 ~-
D550N 
scattered subangular to subrounded cobbles to 
6 inches. The predominate sand size is in the 
fine range. 
::~:/:.:.:: sc 
-Clayey Fine to Coarse Sand, red-brown, r-_.... •••••.. d I' hi' d 5°/ - : .... : ••• :... amp to 5 Ig t Y mOist, ense, 10:' grovel, .------1.4~~~~~··~·~--+----~---1---_r---+_---------------~~=_~~~ PI fl n f.. _? ry . 
.... , 
DA TE _1~/2_6/:.-7_9 __ PAC IFIC SOILS EN GINEERIN G, INC. WORK ClRDER _2_00_8_2_7 __ 
IV F .0. 
-------
1402 WEST 240th STREET 2 3 SHEET NO. _ OF __ 
HARBOR CITV t CALIFORNIA 80TI0 
















o UNDISTURBED SAMPLE 
o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, light 
red-blt>wn, dry to damp, very dense, 300k + 
angular to subrounded gravel, scattered -
cobbles to 6 inches. 
ine to Coarse Sandy Gravel, slightly 
silty, light pink-tan, dry to damp, dense to 
very dense, 55% + angular to subrounded 
gravel, 10% + subangular to subrounded 
cobbles to 6 inches. 
PLATE A-21 
\ 
DATE _11_2_6/_7_9 __ 
IY F.D. 
--------
PACIFIC SOILS EN GINEERIN G, INC. 
1402 WEST 240 th STREET· 
HARBOR CITY. CALI FORNIA 80710 
200827 WORK ORDER ____ _ 
SHEET NO. -L OF_3_ 
SUB JE CT ____ P_i_o_ne_e_r_S_i_te...;,i_G_ol_d_st_o_n_e I~C_a_li_fo_r_n_io ________ BORIN G NO. __ 3_-_1 __ _ 
_____________ A __ nt_e_n_no_N_o_o_3 ________________________ SURFACE ELE~_3_3_63 ____ __ 
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
II PLASTIC BAG SAMPLE 
'* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIF!CATION 
Fine to Coarse Sandy Gravel ° 














1/23/79 DATE _____ _ 
F .0. 8V _______ _ 
..... c 4.oae ' 
WORK ORDER 200827 
1402 WEST 240fh STREET 
SHE ET NO • .1- OF _2_ HARBOR CITY. CALI FORNIA 80710 
PACIFIC SOilS EN GINEERIN G, INC. 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 3 - 2 











o UNDISTURBED SAMPLE o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry to damp, loose to medium dense, 
15% + angular to subrounded gravel, scattered 
cobb ies to 6 inches. 
Below 6 ft. 25% + gravel, scattered cobbles 
to 10 inches. -




tT' 0.':.# 9 0= · -
.. 
b 
OATE _1/_2_3/_7_9 __ 
F.O. IY ___________ _ 
PACIFIC SOILS EN GINEERIN G, INC. 
1402 WEST 240th STREET 
HAitBOR CITY. CALI FORNIA 80710 
WORK ORDER 200827 
SHEET NO. 2- OF_2 __ 
SU8JECT _______ P_i_o_ne_e_r_S_it_e~;_G_o_l_d_st_o_ne~,~C __ a_li_fo_r_ni_a __________ __ BORING NO. __ 3_-_2 __ _ 
Antenna No.3 SURFACE ELEV. 3364 
------------------------------------,----------------
LOG OF BORINGS 
o UNDISTURBED St.MPLE 
o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 












Gravelly Silty Fine to Coarse Sand, as above. 
Below 16 ft. dense, 45% + angular to sub-
rounded gravel, 15% + cobbles to 8 inches. 
At 21 ft. 1 + ft. lens of very hard cobbles 
and boulders. 
At 26.5 ft. 1 + ft.lens of very hard 
cobbles and boulders • 
Fine to Coarse Sandy Gravel, slightly silty, 
light brown, dry to damp, dense, 55% + 
ahgular to subangular gravel, 15 % + s.7bangulc 
to subrounded cobbles. -
END OF BORING AT 30 ft. 
NO WATER 
SLIGHT CAVING, 7 to 10 ft. PLATE A-24 
\ 
, - -_.--------- ' -----_. .. 
DATE 1/24-1/26/79 
IV F .0. 
-------
PAC;· SOILS EN GINEERIN G, INC. 
1402 WEST 240tll STREET 
Hl.kBOR CITY. CALI FORHIA 90710 
a .4. = 
WORK ORDER _2.;..,00;.,;.8.;.,.27 __ 
SHE ET NO. ---L- OF 4 
S U8 JE C T ___ ...... P.A.llio"'nUlie~e.L.r ..I:,S,LIit"",e40; ..:oG.:.:.o .... l =.dsut.:::.ol.llne""', .... C.x.:.co'LIlj.:..:fo=::.lr.l.ln~i 9=--_______ BORING NO. __ 3_-_3 __ _ 
Antenno No. ~ SURFACE ELEV.~33=-6;;.;;2~ __ 
. ... 
• 
.----------------------------------------------------------------------------- ' LOG 
SM 
5 








o UNDISTURBED SAMPLE o BULK SAMPLE 
II PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Silty Fine Sand, brown, moist,loose 5% :!:. 
angulor grovel to 1 inch. 
Gravelly Silty Fine to Coars~~ Sand, light 
brown, dry to damp, loose to l71edium dense, 
25% + angular to subangular 9fuvel to 2-1/2 
inches. Below 2.5 ft. light red-brewn. 
Below 5.5 ft. light brown, medium dense to 
dense with scattered angular to subrounded 
cobbles to 6 inches. 
Below 11 ft " 35% + angular to subrounded 
gravel, scattered cobbles to 8 inches. 
Below 13 ft., light red-brown. 
PLATE A-25 
DATE 1/24-1/26/79 PA{ : IC SOILS ENGINEERING,INC. 200827 woel< ORDER ____ _ 
2 4 F.O. IV ____ _ 1402 WEST 240 th STREET 
HARBOR CITV. CALI FO RNIA 80710 
SHEET I.\), _ OF __ 
SUB -IE CT ___ ,.....;..P·;,,;lo..;..n;.;..e.;;..er~S·;;.;.1 t.;;.e"",i ...;;G...;o..;,l..;;;ds..;.t.;..on;,;,;e;;"j,..;..C..;;....;;a.;..1 i_fo_r_n.;,,;ia ________ BORING NO. _3_-_3 ___ _ 
Antenna No.3 SURFACE ELEV. 3362 
-------------------------------------------------" 
LOG OF BORINGS 
o UNDISTURBED SAMPLE o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
15 - :~::;,·::O~\·;: 119 4.5 1.41 SM 19- Gravelly Silty Fine to Coarse Sand, as .~>///.:,:: 2550# above. 





Below 19 ft. 45% + subangular to subrClunded 
Fine to Coarse Sandy Gra'tel, slightly silty, 
light red-brown, dry to domp, dense, ~5% + 
subangular to subrounded grovel, ~O% + -





• i' t44 a. 
-
DATE_ 1/24r1/26/79 PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
.. 0. By ______ _ 1402 WEST 240th STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET 
3 NO,_OF 4 















o UNDiSTURBED SAMPLE 
o BULl< SAMPLE 
6 PLASTiC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CL ASSIFICATION 
Fine to Coa~e Sandy Gravel, slightly 
silty, light red-brown, dry to damp, dense, 
60% + angular to subrounded gravel, 20% + 
subangular to subrounded cobbles to 12 inches. 
Below 41 ft., red-brown, dam p to slightly 
moist. Between 41 .5 and 46.5 ft., 75% + 
very hard cobbles and boulde~ in a matrix of 







F.D. Iy ______ _ 
PACIFIC SOILS ENGINEERING.INC. 
1402 WEST 240 th STREET 
HARBOR CITY. CALI FORHIA 80710 
200827 WORI< ORDER _____ _ 
SU8JECT _______ P_i_o_ne_e_r_S_i_te_i _G_o_'_d_st_o_ne_, __ C_a_Ii_fo_r_n_ia _________ ____ 
SHEET NO.~OF_4 __ 
3-3 BOAING NO. ______ _ 















SURFACE ELEV._3_3_6_2 __ 
OF BORINGS 
o UNDISTURBED SAMPLE 
o BULl< SAMPLE 
II PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
g~ Sandy Gravel, as above. 
SC Gravelly Clayey Fine to Coarse Sand, red-
brown, damp to sl ightl y moist, dense to very 
dense, 45% + angular to subrounded grav~I, 
15% + suba;gular to subrounded cobbles to 
6 inches. 
END OF BORING AT 49.5 ft. 
NO WATER 





Dol T E _1_1_16_-_1/_22_'1_79_ 
BY F.O. 
-------
PACIFIC SOILS EN GINEERIN G ,INC. 
1402 WEST 240th ST-:~:r:T 
HARBOR CITY t CALI FORNI", 90710 
WORK ORDER _2_0_0_82_7 __ 
1 4 SHEET NO._ OF __ 
SUBJECT ______ ~Pi~o~n~e~er~Sj~t~e~;~G~o~ld~s~to~n~e~,~C::a~li~fo~r~n~ia~ ____________ ..__ BORING NO. _4_-_1 ___ _ 
Antenna No.4 SURFACE ELEV. 3392 








o UNDISTURBED SAMPLE 
o BULl< SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVEREI) 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry to damp, loose, 45% + angular 
to subrounded gravel, 15% + cobbies to 
8 inches. 
Fine to Coarse Sandy Gravel, slightly silty, 
dry to damp, dense, 55% + angular to sub-
rounded grovel, 15% + subangular to sub-
rounded cobbles. -
PLATE A-29 
........... ----------------------------~~.--- -< 
t 
· ", . , 
, '... . , " ~~" 
~. 
DATE V16-1/22/79 PA c. i G SOILS ENGINEERING,INC. 200827 WORK ORDER ____ _ 
1402 WEST 240th STREET 2 4 SHEET NO. _ OF __ _ 
H.'-.U80R CITY, CALIFORNIA '0710 
F .0. 8Y ______ _ 
SUBJECT ___ -.:..P,;.;;io~n;.;;.e..;;.e;..r ,.;..S.;.,;.it,.;..f'.;....: ...::;G;..;o;..;.l.;::;ds;.;.t.;..on~e:.J,~C~a,;.;;li,.;..fo;.;.r.;..;.n,;.;;ia~ _______ BORING NO. _4_---.;..1 __ _ 
25 










o UNDISTURBED SAMPLE 
o BULK SAMPLE 
t::. PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELC' SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, 
as above. 
Fine to Coarse Sandy Gravel, slightly silty, 
light red-brown, dry to damp, dense, 65% + 
angular to subrounded gravel, 10% + sub- -






F.D. 8Y ______ _ 
PAC !i::C SOILS EN GINEERIN G, INC. 
1402 WEST 240 th STREET 
HARBOR CITY t CALIFORNIA 80710 
200827 WORK ORDER ____ _ 
3 4 
SHE'ET NO. _ OF __ 
SUB.lE C T ___ .....;.,;Pi;..;;o.;..ne.;..e,;..,;r_S;..;i~te:..!.i_G::...:..ol;..;;d;.;.;st;..;;o..;.;n.::..e ,~C..::a..;.;li;.;.;fo;;..;r..;.;n.;,..;ia~ _______ BORING NO. 4 - 1 













o UNDISTURBED SAMPLE 
o BULK SAMPLE 
A PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CL ASSIFICATION 
Fine to Coarse Sandy Gravel, 
as above. 
At 37 ft. 6 ~ inch lens of very hard cobbles. 






DATE 1/16-1/22/79 PAi. ':C SOILS ENGINEERING,INC. WOR K ORDER _2...;..00.;;.;8_2.;,..7 __ 
1402 WEST 240th STREET 
L :d~80R CITY, CALI FORNIA 90710 
BY F.D. 
------
SHEET NO. ~ OF _4 __ 
SUBJECT ______ ~P~i~o~ne~e~r~S~it~~~;~G~o~ld=s~to~n=e~,~C~a~l~jf~or~n~ia~ __________ ___ BORING NO. __ 4_-_1 __ 







o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
. FIELD SOIL CL ASSIFICATION 
Gravelly Silty Fine to Coarse Sand,pink-
tan, dry to damp, very dense. 
At 47 ft. 1 ~ ft. lens of very hard cobbles. 
END OF BORING AT 50.5 ft. 
NO WATER 









DATE _1/_24_/7_9 _ 
IV F .D • 
--------
PACIFIC SOILS EN GINEERIN G, INC. 
140 2 WEST 240 th STREET 
HARBOR CI"V. CALI FO RNIA 90710 
WORK ORDER 200827 
SHE ET NO, ~ OF _2 __ 














o UNDISTURBEO SAMPLE 
o BULK SAMPLE 
l:l PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Silty Fine Sand, brown, moist, loose, 
scattered angul ar gravel to 1 inch. 
Fine -to Coarse Sandy Gravel, slightly silty, 
light brown, dry to damp, medium dense 
60% + angular to subangular gravel, 15% + 
an uiOr to subrounded cobbles to 10 incheS: 
Silty Fine to Coarse Sand, slightly clayey, 
light red-brown, dry to damp, medium dense, 
10%:!: angular to subrounded gravel to 1 inch. 
Fine to Coarse Sandy Gravel, slightly silty, 
light pink-tan, dry to damp, dense, 60% + 
angular to subangular gravel, scattered -
angular to subangular cobbles to 6 inches. 
Very dense below 9 ft. 




• rrP'5I'11t'i4I11J11CA*W .. "".,( ... --...+l"'1li"-.. "" .... *--~ .. ~.--. - -...----. ..,.......--.. ............... .. - ' .... • $ 24 c tiC 4'. eaa .. 
'. 
DATE 1/24/79 
IV F .0. 
-----------
PACIFIC SOILS ENGINEERING,INC. 
1402 WEST 240th STREET 
HARBOR CITY t CALI FORNIA 10710 
WORK ORDER _2_00_8_2_7 __ 
SHEET NO. ~ OF 2 
SUBJECT Pioneer Site; Goldstone, California BORING No.4 - 2 
------------------------------------------------- ----------
















o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, as above. 
Below 22 ft., 45% + angular to subangular 
gravel. -
END OF BORING AT 30 ft. 
t'lO WATER 
SLIGHT C;AVING ABOVE ~ ft ... and, 






DATE _1_1_23_V_79 __ 
V F.O. 
8 ______ _ 
PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
1402 WEST 240th STREET 
HARBOR CITV. CALI FO RNIA 90710 
1 2 SHEET NO._ OF __ 
SUB JE CT ____ P_i_Cl_ne_e_r_S_i_te..;..i_G_o_l_d_st_o_ne,..:,:.,....C_a_li_fo_r_n_ia ________ BORING NO. __ 4_-_3 __ _ 













o UNDISTURBED SAMPLE o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Silty Fine to Coarse Sand, brown, moist, 
loose, $3%:!:. angular to subrounded gravel. 
Gravelly Silty Fine to Coarse Sand, light 
red-brown, dry to damp, medium dense, 
20% + angular to subrounded gravel, 
scattered subangular to subrounded gravel 
to 6 inches. 
Below 6 ft. light pink-tan, 45% + angular 
to subrounded gravel, 10% + subangular 
to subrounded cobbles to 8 i~ches. 
Fine to Coarse Sandy Gravel, slightly silty, 
light pink-tan, dry to damp, medium dense to 
der.se, 60% + angular to subrounded gravel, 
scattered s\Jb~ngular to subrounded cobbles 
to 6 inches. 
PLATE A-35 
, 
DATE _1/_2_3/_7_9 __ 
F.D. BY ______ _ 
PACIFIC SOILS EN GINEERIN G, INC. WORK ORDER ~20.;;,,;0;.,;;8.;;.;27~_ 
I 4 0 2 WEST 2 4 0 t h ST R EE T " 2 2 SliEET NO. _ OF __ _ HARBOR CITY t CALI FORNIA 80710 
S U8 JE CT ____ P_i_o_ne_e_r_S_i_te..:.i_G_o_'_d_st_o_ne_,~C_a_li_fo_r_n_ia ________ BORIN G NO. _4_-_3 __ _ 
30 















o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Fine to Coarse Sandy Gravel, as above. 
At 22 ft., 1 ~ ft.lens of very hard cobbles • 
END OF BORING AT 30 ft. 
t'JO WATER 
. . . • 
.. • .. .. 
SLIGHT CAVING ABCVE 4 ft. and 









DATE 1/8-1/10/79 PACIFIC SOILS ENGINEERING,INC. WORK ORDER_2_0_08_2_7_ 
F .0. IY _______ _ I 4 0 2 WE 5 T 2 4 0 t h ST R EE T 1 4 
SHEET NO._ OF __ 
HARBOR CITY. CALIFORNIA 80710 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 5 - 1 
--------.--------~------~----------------------- -----------





o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Fine Sandy Gravel, slightly silty, tan, dry, 
medium dense, 60% + angular to subrounded 
gravel, 20% + angular to subrounded cobbles 
to 10 inches.-
Gravelly Silty Clay, light red-brown, 
slightly moist, firm to stiff, 40% + angular 







Fine to Coarse Sandy Gravel, slightly silty, 
light pink-tan, dry, medium dense, 50% + 
angular to subrounded gravel, scattered -










Dol rE 1/8 - 1/10/79 
BY F .0. 
-------
200827 PACIFIC SOILS EN GINEERIN G, INC. WORK ORDER ____ _ 
1402 WEST 240th STREET 
HARBOR CITY. CALIFORNIA 80710 
SHE ET NO.2-OF _4 __ 
SUBJECT _____ ~P~io~n~e~e~r~S~it~e~;~G~o~l~d~st~o~n~e~,~C_a~l_if_or_n~ia~ ___________ __ BORING NO • .....;;,5_-.....;,1 ___ _ 












o UNOIS TURBEO SAMPLE o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CL ASSIFI CAnON 
Fine to Coarse Sandy Gravel. 
Below 17 ft. gravel and cobble content 
increases slightly. 
Gravelly Silty Fine tC" Coarse Sand, lighl 
pink-tan, dry to damp, dense, 20% + ang\.,lar 
to subrounded gravel to 1 inch. -
Fine to Coarse Sandy Gravel, light pink-tan, 
dry to damp, dense, 60% + angular to sub-
rounded grovel, scatteredsubangular to 
subrounded cobbles to 6 inches. 
Gravelly Wefl-Graded Sand,slightly silty, 
Ii gbt tan, dry, dense, 45% + ang ul ar to sub-
rounc:::f gravel; 20% + sl'ba;:;gular to sub-




-----~ .. ------.. --.-.- .---~~- 4" ''+' - OS 4 < Q -
.. 
DATE 1/8 - 1/10/79 
F.O. 8Y ______ _ 
PACIFIC SOILS ENGINEE'RING,INC. 
1402 WEST 240th STREET 
HAR80R CITY. CALIFORNIA 90710 
SU8JECT ____ ~P~io~n~e~e~r~S~i~tew;~G~o~ld~s~to~n~e~,~C~aulj~fQ~r~nwig~ _________ ___ 
WORK ORDER _2_00_8_2_7_ 
SHE ET NO. ~ OF _4 __ 
BORING NO. __ 5_-_1 __ _ 











o UNDISTURBED SAMPLE 
o BULK SAMPLE 
tl PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Well-Graded Sand. 
At 34.5 ft, +, 6 inch lens of hard rock or 
nested col"bies. 
At 41 ft. +-, 6 inch lens of hard rock or nested 
cobbles. -
Sandy Well-Graded Gravel ,slightly silty, 
light tan,dry,very dense, 60% -+ angular to 
~ 5ubroul1df:d cubbies to 8 i r.~hes .Below 1t4 ft • 
light red-brown,dry to damp,very dense, 






DATE 1/8 - 1/10/79 PACIFIC SOILS EN GINEERIN G, INC. WORK ORDER 200827 
IY F.D. 
-------
1402 WEST 240th STREET SHEET NO.~OF_4 __ H ARBOR CITY. CALI FO RNIA 90710 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 5 - 1 





o UNDISTURBED SAMPLE D BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Sandy Well-Graded Gravel ,slightly silty. 
At 47 ft. 6 + inch lens of hard rock or 
nested cobbles. 
~ilty Poorly Graded Gravel, red-brown,c'iJmp 
to sl ightly moist, dense, 55% + angular to 
subrounded gravel, 20% + subangular to sub-
rounded cobbles to 8 inches. 
END OF BORING AT 50 ft. 
NO WATER 
SLIGHT CAVING ABOVE 3.5 ft. and 
BELOW 5 ft •. : SEVERE CAVING 
BELOW 47.S ft • 
- . • 
PLATE A-40 
. ...." . 
.  
.. 
DATE -1L.2_9 __ '17_9 __ 
IY F.O. 
---------
PACIFIC SOILS ENGINEERING,INC. WORK ORDER .200827 
1402 WEST 240th STREET 2 SHEET NO. -L- OF __ HARBOR CITY. CALI FORNIA 80710 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 5 - 2 















o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine Sand, brown, moist, 
loose, 45% + angular to subrounded gravel, 
20 % + angular to subrounded cobbles to 
8 inches. 
Fine to Coarse Sandy Gravel, tan, dry to 
damp, medium dense, 600k angular to sub-
rounded gravel, 20 % + subangular to sub .. · 
rounded cobbles to 8 inches. 
S;lty Clay, light red-brown, dry to damp, 
fi.rm, 10 %:. gravel. 
Fine t ... Coarse Sandy Gravel, slightly silty, 
light brown, dry to dalT'p, 55%+ angular to 
subrounded gravel, 20 % + subangular to 
subrounded cobbles to 8 inches. 
PLATE A-41 
\ 
DATE 1/29/79 PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
1402 WEST 240th STREET' 2 2 
SHEET NO. _ OF __ 
HARBOR CITY. CALIFORNIA 80710 
BY F .0. 
-------
SUB JE C T ___ --:..:Pi.:o:.:;ne:.:e::.:..r-=S:.:..it:.:oe~-._:.:G:.:o;.:..:ld=.::s~to::.:..n:ae.#_, ~C~aL.LlI iu..:fo .... r.un..."jCL--______ BORI N G NO. _5_-_2 __ _ 






LOG OF BORINGS 












o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CL ASSIFICATION 
Fine to Coarse Sandy Gravel, 
slightly silty. 
Gravelly Silty Fine to Coarse Sand, 
light pink-tan, dry to damp, medium dense 
to dense, 40% + angular to subrounded 
gravel. -
Very dense below 23 ft. 
At 27 ft., 2 + ft. lens of very hard rock 
(nested cobbies and boulders) 
END OF BORING AT 30 ft. 
NO WATEP. 
SLIGHT CAVING ABOVt 3.5 ft. 
PLATE A-42 
, 
DATE _1_1_30_1/_79 _ PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
Y F.D. 1 _______ _ 
1402 WEST 240th STREET 
H ARBOR CITY, CALI FORNIA 90710 
1 2 
SHE ET NO. _ OF __ _ 
SU8JECT _____ ~Pi~o~n~e~er~Si~t~e,~·~G~o~ld=s~to~n~e~,~C~a~li~fo~r~n~ia~ ____________ __ BORING NO. 5 - 3 
--.;......----
Antenna No. 5 SURFACE E LE v. 3374 
-----
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SAMPLE 
DEPTH NO. SOIL CLASSIFICATION 
~:~:.~¢ 
- .0·; 00: .1 




Gravelly Silty Fine Sand, brown, moist, 
loose, 10 to 15% angular to subrounded 
gravel, scattered angular to subangular cobbles 
to 6 inches. 
Fine to Coarse -andy Gravel, slightly silty, 
light brown, dry to damp. 
0/" . ...., ~----~"~~~:+---~----~----~SC=--4----~-G;~--~II~C~I~--~S~~d-'I~"h---d7Ob-----------~ ••. :.: •• ::... rave y oyey an , Ig t re - rown, 
- !:::~~::;,:: damp to slightly moist, medium dense, 15% + 







Gravelly Silty Fine to Coarse Sand, slightly 
clayey, light pink-tank, dry to damp, dense, 
45 % + angular to subrounded gravel, 20 % + 
subangular to subrounded cobbles to 6 inches-: 
At 13 ft. 2 ft. f lens of very hard cobbles 
and boulders. 
PLATE A-43 




DATE _1_/3_0_V_79 __ 
F.D. BY _____ _ 
PACIFIC SOILS ENGINEERING,INC. WORK ORDER 200827 
1402 WEST 240 th STREET 2 2 SHEET NO. _ OF __ 
HARBOR CITY, CALI FORHIA 80710 
SUB JE CT ___ ..:.P..:,;io;,:.n..:.,:.e:.,::e.:.,.r .:.S~it.:::.e;L-G=o.:.::ld:.::.st:.::o:.:.:n.:::..eL.., -=C~a~li.:..:fo~r:..:.:niU::a:...-______ BORING NO. _5_-_3 __ _ 














o UNDISTURBED SAMPLE 
o BULK SAMPLE 
~ PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand. 
Between 16 and 21 ft., 50 % + cobbles and 
boulders in a matrix of gravelly silty fine 
to coarse sand, dry to damp, dense. 
Fine to Coarsp. Sandy Gravel, slightly silty, 
I ight red-brown I dry to damp I dense I 60 %-+ 
angular to subrounded grovel to 3 inches. -
END OF BORING AT 30 ft. 
NO WATER PLATE A-44 





DATE _1_-2_9_-7_9 __ 
F.O. IY ______ _ 
WORK ORDER 200827 
SHEET NO.~ OF_3_ HARBOR CITY. CALIFORNIA 90710 
PAC IFIC SOILS ENGINEERING,INC. 
1402 WEST 240th STREET' 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 6 - 1 





·:;r:·:r;\.>·~ .. :' 
;. ~':.:' .'.", ":~ :;' .. ':! 
" ...... . 
125 4.7 










o UNDISTURBED SAMPLE o BULK SAMPLE 
A PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SOIL CLASSIFICATION 
Gravelly Silty Fine Sand, br,:\wn, moist, 
loose, 15%.: angular to subangular gravel. 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry to damp, loose to medium dense, 
45% + angular to subrounded gravel,scattered 
subangular to subrounded cobbles to 5 inches. 
Clayey Fine to Coarse Sand, red-brown, dry 
to damp, medium dense, 8% + angular to 
subangular gravel. 
-
Gravell, Silty Fine to Coarse Sand, slightly 
clayey, light red-brown, dry to damp, medium 
dense to dense, 45% + angular to subrounded 
gravel to 2-1/2 inches. 
PLATE A-45 
.... 
DATE _1-_2_9-_7_9 __ 
F .0. IY ______ _ 
PACIFIC SOILS EN GINEERIN G J INC. 
1402 WEST 240th STREET 
HARBOR CITY. CALIFO;cNIA 10710 
WORK ORDER _2_0_0_82_7 __ 
SHE ET NO. 2-- OF _3 __ 
SUBJECT ____ P_i_o_nee_r_S_i_te_i_G_o_l_d_st_o_ne_,_C_a_1 i_fo_r_n_ia _______ BORING NO. __ 6_-_1 __ _ 
_________________ A_n_t_e_nn_a_N_o_._6 _____________________ SUR~CE ELE~ __ 3_4_0_2 ___ 
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CL ASSIFI CATIOt. 









Fine \0 Coarse Sandy Gravel, slightly silty, 
light brown, dry to damp, medium dense to 
dense, 55% + angular to subrounded gravel, 
10% + suba"gular to subrounded cobbles to 
8 inches. 
Gravelly Silty Fine to Coarse Sand, light 
pink-tan, dry to damp, very dense, 35% + 
angular to subrounded gravel, scattered sub-
angular to subrounded cobbles to 6 inches. 
2550# Below 26 ft. 45% :. gravel. 
At 29 ft. 1 + ft. lens of very 
hard cobble;-and boulders. 
PLATE A-46 
\ 
DA T E 1/29/79 
F .0. ev _____ _ 
PACIFIC SOILS ENGINEERING,INC. 
1402 WEST 240 th STREET 
HARBOR CITV, CALI FO RNIA 80710 
WORK ORDER _20_0_8_27 __ 
SHEET NO. 2- OF_3 __ 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 6 - 1 
----------------------------------------------





o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Gravelly Silty Fine to Coarse Sand, 
as above. 
END OF BORING AT 32 ft. 
NO WATER 
SLIGHT CAVING ABOVE 3 ft. and 





DATE _1_-2_6_-7_9 __ 
IV F.D. 
--------
PACIFIC SOilS EN GINEERIN G ,INC. 
1402 WEST 240 fh STREET· 
HARBOR CITV t CALIFORNIA 80710 
WORK ORDER _20_0_82_7 __ 
SHE ET NO. -L OF __ 4_ 
SUBJECT Pioneer Site; Goldstone, C.o_!_if_o_rn_i_a _______ _ BORING NO. ~6_-...:2;;..... ___ _ 

















o UNDISTURBED SAMPLE o BULK SAMPLE 
fl PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Grave y Silty Fine Sand, brown, moist, 
loose, 15% + angular to subangular gravel, 
scattered an -ular to suban ular cobbles to 4" • 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry to damp, loose to medium dense, 
45% + angular .to subrounded gravel, scattered 
subangular to subrounded cobbles to 6 inches. 
Silty Clay, red-brown, damp to slightly 
moist, fj rm to stiff. 
Gravelly Silty Fine to Coarse Sand, slightly 
clayey, light red-brown, dry to damp, medium 
dense, 45% + angular to subrounded gravel, 
scattered suban ular to subrounded cobbles to 6" 
Fine to Coarse Sandy Gravel, slightly silty, 
light brown, dry to damp, dense, 60% + 
angular to subrounded gravel, scattered-sub-




1-26-79 DATE _____ _ 
BY F .0. 
--------
PACIFIC SOILS EN GINEERIN G ,INC. 
1402 WEST 240th STREET 
HARBOR CITY. CALIFORNIA 80710 
-.... , , 
WORK ORDER _2_00_8_2_7 __ 
., 4 SHEET NO . ....:-.-. .• OF __ _ 















o UNDISTURBED SAMPLE 
o BULK SAMPLE 
A PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Fine to Coarse Sandy Gravel, as above. 
Below 22 ft. pink-tan, dense to very 
dense, 55% + angular to subrounded 
gravel, scattered subangular to subrounded 




DA TE __ 1-_2_6-_7_9 __ 
F.D. ay: _____ _ 
PAC IFIC SOILS EN GINEERIN G, INC. WORK ORDER 200827 
1402 WEST 240th STREE'! 
HARBOR CITY. CALIFORNIA 80710 
SHEET NO . .L-. OF_4 __ 
SUBJECT ________ P_io_n_e_e_r_S_it_e_i_G_o_I_~_t_o_ne_, __ C_a_li_fo_r_n_ia ______________ __ 6-2 BORING NO. ______ _ 
Antenna No.6 SURFACE ELEV. 3406 
-------------------------------------------------------- ---------









o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6. PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
. FIELD SOIL CLASSIFICATION 
Fine to Coarse Sandy Gravel, as above. 
At 32 ft. 8 + inch lens of very hard cobbles. 
At 35 ft. 6 ~ inch lens of very hard cobbles • 
.At 37.5 ft. 1:. ft. lens of very hard cobbles. 
Fine to Coarse Sand, gravel, slightly si Ity, 
pink-talll dry, very dense 65% + angular to 
suJ;>rounded grovel, 10% + subangular to 








PA~IFIC SOILS ENGINEERING,INC. WOR K ORDER _2_00_8_2_7 __ 
1402 WEST 240th STREET· 4 4 SHEET NO. _ OF __ HARBOR CITY. CALI FORNIA 80710 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 6 - 2 
----------------------------------------------------- ----------.---. Antenna No.6 SURFACE ELEV. 3406 
-------------------------------------------------------------
LOG OF BORINGS 
o UNDISTURBED SAMPLE o BULK SAMPLE 
A PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
FIELD SOIL CLASSIFICATION 
Fine tc Coarse Sandy Gravel, as above. 
S/2" 
SO# END OF BORING AT 49.7 ft. 
NO WATER 
SLIGHT CAVING ABOVE 4.S ft. and 
BETWEEN 19 and 21 ft. 
PLATE A-S1 L~ ________________________ _ 
--------------------~~~--.. ---.--.. -.----~ 
-' .. 
he' 
DATE _1-_2_7-_7_9 __ PACIFIC SOILS ENGiNEERING,INC. 
1402 WEST 240fh STREET 
HARBOR CITY, CALIFOR'41A 80710 
WORK ORDER _20_0_8_27 __ 
SHE ET NO. ~ OF _2 __ Y F .0. B ______ _ 
SUBJECT ____ P_i_o_n_ee_r_Site; Goldstone, California BORING NO. __ 6_-_3;........ __ 
_______ A;....:.;.;;n.;.;:te;.;.n;.;,;na..;;;..;.N....;.,o..:;. • .:6~_______________ SURFACE E LE v. _3...;.40=2,,--_ 
.. _________________________________________________________________________ a.w ' 
LOG OF BORINGS 
o UNDISTURBED SAMPLE 
o BULK SAMPLE 
6 PLASTIC BAG SAMPLE 
* SAMPLE NOT RECOVERED 
SAMPLE 





Gravelly Silty Fine Sand, brown, moist, loose, 
15% + angular to subangular gravel, scattered 
angurar to subrounded cobbles to 4 inches. 
Gravelly Silty Fine to Coarse Sand, light 
brown, dry to damp, loose to medi um den~e, 
45% + angular to subrounded gravel, scattered 
anguiar to subangular cobbles to 4 inches • 
.-----~~~~¢----;-----r----~~~----~----------------------------------
- .\;.::~;:.~c.~ SC Clayey Fine to Coarse Sand, light red-brown, 
5 
•••. ", •.. I 
• : •• :.. dry to damp, firm to stiff, 5%+ angu ar to 
............... : -
'. ~~ • •• ~·r----t----r----t_=_::_:__t---+_...::.s:=.;.ub::..;a::.:n.:.;;;lQ,.:::'u..:.;la~r-ig:r..:.r-=a...:...ve=.;1:....:. _______________ _ 
SM ' . . :.", 
:0'0" 119 
- . ..:::t~/;.\.)\· .. : 
6.2 0.78 8-
2550# 
Gravelly Silty Fine to Coarse Sand, slightly 
clayey, red-brown, damp, dense, 35% + 
angular to subrounded gravel. -
~i!,:i9.·d' ---t----if---+-G-W-_-+----j------------------------
~:i~~l)~"1. Fine to Coarse Sandy Gravel, slightly silty, 
Ji~'o" '(j GM light brown, dry to damp, medium dense to 
-)·:~t~·· :~6 dense, 60% + angular to subrounded gr,"vel, 
:o·) ... D ..• ~· scattered angular to subrounded cobbles to .:.o~~.~~ 5 inches • 
• ~ " fV~' 
"-{. ·c··· '.'>~ (i~t~[t);d 
10 - .~'-'di v:t~'.· tl '~;l~~ 119 
- '~:~;<iI':. :o~ ("ri~OO. s:9JV~ _lJ~:~.~~ 06.{~:,·· ~b~~'<?: 
.. ·.o~.O~o o '):O~ll' :oW~~~ 






F.O. IY ______ _ 
PACIFIC SOILS ENGINEERING,INC. WORK ORDER_200827 
1402 WEST 240,h Sl'REET 2 2 
SHEET NO. _ OF __ 
H ARBOR CITY t CALI FO RNIA 10710 
SUBJECT Pioneer Site; Goldstone, California BORING NO. 6 - 3 
--------------~------~----------------------- ---------
________ A_n_t_en_n_a_N_o_. _6 ___________________ SURFACE E L E v • ..:3~40.:..::2~ __ 
LOG 
6.6 
. ',.: :'., 




o UNDISTURBED SAMPLE 
o BULK SAMPLE 
II PLASTIC BAG SAMPLE 
* S~iJlPLE NOT RECOVERED 
FIELD SOIL CL ASSIFICATION 
Fine to Coarse. Sandy Gravel, as above. 
Below 17 ft. occasional subangular cobbles 




Gravelly Silty Fine to Coarse Sand, light 
pink-tan, dry to damp, very dense, 35% + 
angular to subangular gravel to 2 inches. -
Fine to Coarse Sandy Gravel, slightly silty, 
light pink-tan, dry to damp, very dense, 55%-+ 
angular to sub-rounded gravel, scattered suban-
subangular to subrounded cobbles to 6 inches. 
At 29 ft. 1::. ft. lens of very hard cobbles. 
GW/ [N!f"OF-SORiN(;AT30-(L 
GM NO WATER 
49/911 
1700" 
SLIGHT CAVING ABOVE 4 ft. 
PLATE A-53 
APPENDIX D 
LAB CI RAT 0 R Y T E S TI N G 
PIONEEJ.. STATION, DSS 11 
JET PROPULSION LABORATORY 
GOLDSTONE, CALIFORNIA 








Following completion of drilling and sampling for each boring, all samples were trans-
ported to our office for laboratory testing. As stated before, the laboratory program 
for each antenna site was set up so it could be analyzed later as an individual founda-
tion problem. 
The critical factor in the foundation sy;;tem selection and analysis was the response of 
subsurface materials under dead load, as well as during the loading and unloading cycles, 
caused by wind or seismic loading. Lateral loading from wind or seismic forces are the 
basic factors affecting rotational stability and, in tum, differential settlement. In 
order to analyze each antenna foundation under these loading conditions, a detailed 
testing program was carried out in order to establish both the shear strength and the 
consolidation characteristics of the in situ materials. 
For each site, representative samples were chosen for consol idation testing. Where 
possible, testing was performed On undisturbed samples. Where the undisturbed sample 
contained enough gravel-sized material to significantly affect the results of the test, 
the sample was screened to remove the oversized material, and then remolded to 
approximate field density. The samples were carefully placed in the consolidation 
test apparatus and loaded incrementally at their natural moisture content from near 0 to 
4 tons per square foot. At the 4-ton load, water was introduced arid the sample was 
allowed to saturate for 24 hours. loading was then continued to 8 tons per square foot I 
after which rebound characteristics were determined. 
PACIFIC SOILS ENGINEERING, INC. 
, 















,u.·· ---- -" -- .-..----~-~ .... ,' . $ C. 4;t 4 aq 
To determine the effects of repetitive loading due to wind forces, certain consolida-
tion tests were continued by incrementally loading and unloading the samples between 
4 and 8 tons per square foot loading. The loading-unloading cycle was continued 
until the recorded deformation stabilized for two cycles. Assuming that the majority 
of recorded deformation during the rebound portion of a repetitive loading cycle is 
primarily elastic deformation, the static constraint rnodulus (0) can be calculated for 
each sample subjected to repetitive loading. Using the Poisson's Ration, » , obtained 
from the in situ testing, the constraint modulus can be converted to Young's modulus, E. 
The most appropriate stress range for calculating 0, and thus E,would be that range 
over which the stress range is most likely to occur for the actual installations. However, 
due to limitations in sample size and testing apparatus the expected actural stress range 
was not used. In order to minimize the effect of sample size and equipment limitations, 
the stress range from 8 tons to 1 ton per sqlJare foot was used for the analysis. The 
modulus values obtained from using this range of stresses are considered realistic, or 
somewhat conservative. 
Load-deflection relations for samples subject to conventional consolidation testing have 
been plotted on Plates 0-1 through 0-3, while those for samples subject to the additionul 
modulus testing are plotted on Plates E-l through E-15. All plots have been corrected 
for machine deflection and deflection of the sample caps. Also included on the lood-
deflection plots for the samples tested under repetitive loading are the calculations for 
o and E. 
PACIFIC SOILS ENGINEERING, INC. 
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~ 
, 
Triaxial compression and direct shear tests were perfonned to determine shear strength 
parameters needed for bearing. 
For the triaxial compression tests, three bulk samples were screened to remove all over-
sized material (+ 1/4 inch size) and then remolded to the approximate field density. 
The remolded sample was then placed in the triaxial test chamber and allowed to saturate. 
Upon reaching saturation the samples were then tested under the consolidated drained 
condition at a minimum of three confining pressures. loading rate was 0.004 inch per 
minute. The results of the triaxial compression tests are given on Plates C-1 through C-3. 
As with the consolidation tests, direct shear tests were made on undisturbed ring samples, 
where possible. Where the undisturbed samples contained significant amounts of over-
sized material that could substantially effect the tests results, the sample was remolded 
to the approximate field density. Selected remolded samples and undisturbed samples 
were tested at three different confining pressures. The remaining undi~turbed samples 
were tested at a confining pressure corr~sponding to the existing overburden pressures 
in the field. Samples were allowed to saturate for a minimum of 24 hours and then 
tested at a shearing rate of 0.05 inch per minute. Re~ults of the direct shear tests, 
grouped by antenna site, are located on Plates B-1 through B-6. 
The in situ unit dry weight and moisture content, as shown on the logs of Borings 
(Plates A-1 through A-53), were obtained for each undisturbed drive sample. No 
adjustment for rock content has been made. 
-' 
o. PACIFIC SOILS ENGINEERING, INC. 
l..! 
eaAC ow 
Laboratory maximum unit weight determinations and full gradation analyses were per-
formed on selected b'Jlk samples from each site! as an aid in soil classification and in 
, 
determining the compoctability of the native soils. '. 
< 
As an aid in determining extent of subgrade preparation and pavement thickness required 
for the proposed service roads, a California Bearing Ratio Test was performed on a selected 
sample. This is an empirical test that compares the load carrying ability of the road sub-
grade material to that of standard crushed rock. The test results can then be correlated 
with pavement performance records to determine the required pavement thickness, and 
subgrade preparation. 
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DIRECT SHEAR TEST DATA 
I PACIFIC SOILS ENGINEERING. INC. 
SITE I PLATE B-1 
w.o. 20et:::.>2.7 DATE 4/, ;"7q 
NORMAL LOAD, LBS. / SO. FT. 
I I I I 






































• U~DI511..JReE.D 5Alv1D1....E.5 




















DIRECT SHEAR TEST DATA 
PACI==IC SOILS ENGINEERING. INC. '1 
SITE 2 PLATE B-e I 
w.o. Z~e7 DATE 4/r!.7Q 
o , NORMAL LOAD, LBS./SO. FT. 
- I I I I I I I I 
o 500 1000 1500 2000 2500 3000 3500 4000 
, ............. 
..I· t . !l'. 
j 
/3500-
• U....,DI~URBE.D 5AfV1PLEO 











• 2000-lt; 2 
LLJ 
a: 
.-- • (/) 
" 
1500~~ 
* w • I 
(/) •• • 
• 1000...f I I 
I DIRECT SHEAR TEST DATA 
500- PACIFIC SD~LS ENGIN5ERING. INc.l 
SITE B PLATE B-3 






o , NORMAL LOAD, LeS./SQ. FT. 
• I I I I I J • 
500 1000 1500 2000 2500 3000 3500 4000 o 
,....-":~ ••• '." .• '-.-, r ~, ~~ ___ · __ T'" __ ._ 
,
35OOl I 
• U~DlsruReE.D ~~ • 
• i2E.MOLDED ~PL....E!:) 
• i 3000~ ... 
t-= • • • lL.. ~ 

















DIRECT SHEAR TEST DATA 
500 PACIFIC SOILS ENGINEERING. INC.· 
SITE 4- PLATE 5-4 
w.o. 2LX:>:527 o.TE 4/ c/7Cf 
o I NORMAL LOAD, LBS.lSQ. FT. 
• I I I I I I • 




"I"'T-' ..... ---~~--' . 
• Wi «"".. ..,....., ~ ............ fOr 
3500-




































DIRECT SHEAR TEST DATA 
PACIFIC SOILS ENGINEERING. INC. SITE· E2 PLATE 6-6 
w.o. eo<:::>ex?.7 OATE 4/1/7Cf 
o , NORMAL LOAD, LBS./SQ. FT. • I I I I I I • o 500 1000 1500 2000 2500 3000 3500 4000 
, 
.. -f 





























ALL SAMPLES REMOLDED 
t 
.. DIRECT SHEAR TEST DATA 
PP...cIFIC SD"IIS ENGiNEERING. INC. -I SITE" to PLATE 8-eo 
o , NORMAL LOAD, LaS./SQ. FT. 
, i 
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ASTM SIEVE NUMBERS 





lllE It MWMETUII 
Q.AY and S II.. T SAN D GRAVEl::----------
MECHANICAL ANALYSIS PLATE F-I 
r-At:~FIC SOULS ENG:N~e~~5\!ca. INC. 
1402 W. 240TH STRfET, HARIOIt en, CAU"~IA ~1I0. TEL.: (215) 52'-1212 0" 773~71 
- x " ,<2 7 (','T:: 4/ I I 7q .. 
'. 












5 - 6 
2 - 3 
6 - 7 
10.5-11.5 
4 - 5 
7 - 8 









LABORATORY MAXIMUM DENSITY 
AND OPTIMUM MOISTURE 
------------------------
ASTM:D 1557-70 
(Method A, 5 layers) 
Opt.Moist. 
Soil Type (%) 
-------------- --------
Silty Sand 13.0 
Silty Sand 9.5 
Gravelly Silty Sand 13.5 
Gravelly Silty Sand 10.0 
Sandy G rave I 9.5 
Sandy G rave I 11.0 
Gravelly Silty Sand 11.5 
TABLE III 










Depth 2 - 3 ft. 




















TOTAL SETILEMENT DUE TO DEAD LOAD 
DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD 
BEARING CAPACITY, AND 
LATERAL RESISTANCE 
PIONEER STATION, DSS 11 
JET PROPULSION LABORATORY 
GOLDSTONE, CALIFORNIA 




PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY, CALIFORNIA 90710 
SUBJECT Proposed 130-Feet ~iameter Antenna Array, Pioneer Site (OSS-l1) 
Goldstone, California Wind Loading Diagram 
Wind 
WORK ORDER 200827 
SHEET NO. ___ OF 39 
Wheel '12 
_




o L: 200 1~ 
WL: 95K 











DATE_3_-_2_6-_7_9 __ _ PACIFIC SOILS ENGINEERING, INC. WORK ORDER_2_0_0_8_2_7 __ 
BY JSS 1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO. _2 __ 0F~_ 
SUBJECT_..:..P..:...:ro:J:p::.::o:,:;se::.,:d:.......:..l =-30::..-....:,f,:,oo=-t:.......::,D..:.,:i a::..:.m:..:,:e::.,:t..:e.:,..r ~A;;.;n:.:..;te:..:n..:..:.n.:..::a:....;A~rr..::.aL.y L.t ..:..P..:.,:i o:..:.n~e:.;:e~r ..=S:.:..;i t:.;:e:-(~D:...::S:.;:S:--..:..l..;..1)f......-_________ _ 
Goldstone, California Basic Assumptions for Settlement Calculations 
Top of Ring Footing 
2' / " Ground Surface 
I 
;VAssumed Zone 
/ of Loading 
2ij ~t-rO --2(D f + 2) ------.!~ \ Ds 
L 2 (Df + 2) + Ds----.,.~-.l 
/ \ 
/ Scale: None \ 
Assumptions \ 
1. Concrete will dissipate the point load, P, evenly with depth at 1:1 slope 
2. Soil will dissipate the load evenly with depth at 1/2: 1 slope 
Thus, the change in vertical pressure acting on the soil (l\P) at any depth 
Ds below the bottom of the footing is approximately equal to: 
Actua I Antenna 
Ring Footing 
P 
~ ___ ~ __ "J 
'" Assumed effective footing 
used for sett I ement ana I ys i s 
'. 
DATE_...,;3;.,..-...,;2=-6=--_7:.....:...9 _ 
J SS BV ______ _ 
PACIt-IC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORK ORDER 200827 
SHEET NO. _3 __ OF 39 
SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (055-11) 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO. r r 
TOTAL SETTLEMENT CALCULATIONS 
Dr = 5 ft. 







p = 200 kips 




1.34 O. '14 
1.64 O. 10 
1.93 0.07 
'* From Consolidation ·Curve 
Reference Consol. Curve 1-1 @ 15'-16' 
H= 5 ft. 
1.32 0.43 1.04 0.61 
1. 11 0.67 0.91 0.24 
1.26 0.87 1.00 0.13 
1.48 1.05 1. 13 0.08 
1.74 1.20 1.24 0.04 
2.00 1.32 1.34 0.02 







DATE __ 3_-_2_6_-7_9_ 
JSS BY ______ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORK OROER __ 2.....,;0.....,;0...;,8.....,;2_7_ 
4 SHEET NO. ___ OF 39 
Proposed 130-foot diameter Antenna Array, Pioneer Site (OSS-ll) 
SUBJECT---~------------~-------=---.....:..----------
Goldstone. California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.1 
TOTAL SETTLEMENT CALCULATIONS 
2-3 @ 6'-7' '. . . . -- -- . 
D = f 5 ft. P= 200 kips Reference Consol. Curve 1-1 @ 15'-16' 
-




B= 5 ft. l'= 119 pcf H = 5 ft. 
. ~ ~ ~ "cF "cF 
'.$' i' ~" $' ~" '.$' ~c; \,,"' 'b~ ~ ~., ~ ~ c.)' ~~ .;,.~ ~" • 0(:- , ~fi ',,, ~ 
cFtP tf' ~ ... , ~ ~ .t) " <f' \,,"' 6- ~tP* , ~e, ;~ ... q.(,; c:;:: c.,"': «"~ ~ c:;:: .;,.,?:,t) ~ . ~ ~ ,~ ~6- () - cJ> ~\ , .p , 6- , ~c; 0\0 .. QfJ~ . .' QfJq ~o~' ~ . ;,.,C; ~\ , ~o , cY.(> \0\ c., (,0(:- ~ ~e ~tlI\ c.p \0\ c.,\ ~o\o ~ 
5 
7.5 0.45 0.87 1.32 0.28 0.54 0.26 O. 16 
-10 
12.5 0.74 0.37 1.11 0.67 0.91 0.24 0.14 
_15 
17.5 1.04 0. 22 1.26 0.87 1.00 0.13 0.08 
~2n. 
22.5 1.34 0.14 1.48 1.05 1. 13 0.08 0.05 
r---25 
27.5 1.64 O. 10 1.74 1.20 1.24 0.04 0.02 
r---3o. 







TOTAL SETTLEMENT = LA H = 0.46 ,nches 
. . 
it from . Consolidation Curve 
, 
DATE_3_-_2.-,;6;,....-_7_9 _ PACIFIC SOILS ENGINEERING, INC. 200827 WORK ORDER ____ _ 
BY_~J..:.S..:.S ___ _ 1C02 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET NO, _5 __ 0F 39 
Proposed 130-foot diameter Ar,tenna Array, Pioneer Site (DSS-11) SUBJECT-...:.....:.::!:..:.=:~:...:-..:..:..:..:.......:..::..:.:.:..:.:..:...:..:......:...::.:.:..::..:..::..:.:....:..:.:...:.:.!...!.....:....:..::.:..:..:.::.:....::...:.:..:~..:...:....-:...:..!..----------Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD « ANTENNA NO.1 
TOTAL SETTLEMENT CALCULATIONS 
'. . 




--B= 8 Ft. 11' = 119 pcf H = 5 ft. 
, 
~ ~ ~ "tf' "tf' : ~ '.$' i' olfl ~ ~.. .~~.. ...e" ~ 
" fi ~ c,c, ~e ~ c.,'" 'S...'~ .;.,~ ~/ ~fi . ~ ~ .<> e <f' ... e" 6- tf'4' ~4'* , (J:'CJ -;..,~<> , *:-e, i:.~"" q-< (5' c.,'" «~ ~ () <J> ~\ ~ «; ~ ,~ 6- , 6- ,~ .. 0\0 • - , cP (;lq, , <:l'q, ~o i-'c; ~ ',c; ~\ 
, ~o , t:J(> \0\ ~c., ~o~ ~ ~e ~~e<':-
c.,o \0'" c.,\ 0\0 '\> 10 
12.5 0.74 0.37 1.11 0.67 0.93 0.26 0.16 I f--15 
17.5 1.04 0.20 1.24 0.88 1.00 O. 12 0.07 ~20 
22.5 1.34 0.13 1.47 1.05 1. 12 0.07 0.04 ~25 
27.5 1.64 0.09 1.73 1.20 1.24 0.04 0.02 
-30 








TOTAL SETTLEMENT' =.r A H = 0.30 inches 
, , 
* 
From Consolidation Curve 
DATE 3 -26 -79 
JSS Iy ______ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY, CALIFORNIA 90710 
WORK ORDER 200827 
SHEET NO. _6 __ 0F 39 
SUBJECT 
Proposed 130-foot diameter Antenna Array, Pioneer Site (DSS-11) 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD , ANTENNA NO.1 
TOTAL SETTLEMENT CALCULATIONS 
, , 
.. 
o = f 12 ft. p= 200 kips Reference Consol. Curve 1-1 @' 15'-16' 
-
. . 
. ~ . . 
-
B= 6 ft. t'= 119~cf H= 5 ft. 
. "~ "~ 
'-$' ~$\ '0$' ~$' \ec,c, i' . ol'" $' 'o~ ~ • e;. .,,, ~ ~ c.,'" ~" ~,?) ~ .. ~t; . CJ" \:::,fi .~, c."c.,e 0<::- c.,e" C;- oP r,:.oP* , *:-e , (J!' c.,'" «~ ~ ~o<::- (J!' ~ ... ~ ~~ ,<::- ~ c.P ~, , 4J , . cP , e;. ,~., 0\0 .. ~f.lq, . <;J",q ~o ~,' ~ ',c; ~, , ~o ,0'P ,0\ ~c., ~o<::- ~ 
-.,\'" ~-.,\e~ c.,o ,0\ c." 0\0 ~ 
-12 
14.5 0.86 0.40 
~17 
19.5 1. 16 0.21 
~2 
. 24.5 1.46 0.13 
_27 
29.5 1.76 0.09 
---32 







-'If from Consolidation ·Curve 
- ~ 
1.26 0.74 1.01 
1.37 0.96 1.07 
1.59 1. 12 1. 18 
1.85 1.25 1.28 
2.12 1.36 1.38 








0.02 0.01 I 
0.30 inches 
DATE_3_-_2_6_-_7_9 __ 
8y_~J~S~5~ __ __ 
PACIFIC SOILS ENGINEERING, INC. 
'.02 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
SUBJECT 
Prnposed 130:'foot diameter Antenna Array, Pioneer Site (055-11) 
WORI( ORDER-=-2..:..0..:.0..::8-=2~7 __ _ 
SHEET NO . .... 7 __ 0F ~ 9 
Goldstone, Cali fornia TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.2 
TOTAL SETTLEMENT CALCULATIONS 
Of= ~!..:...- p= 200 kips Reference Consol. Curve 2-1 @ 15'-16' 
B = 8 ft. lr = 118 pcf H = 5 ft. 
0.44 0.60 1.04 0.56 1. 16 0.60 0.36 
0.74 0.30 1.04 0.88 1. 16 0.28 o. 17 
1.03 o. 18 1.21 1. 16 1.30 0.14 0.08 
1.33 O. 12 1.45 1.38 1.45 0.07 0.04 
1.62 0.09 1.71 1.57 1.62 0.05 0.03 
,nches 
. 
lOTALSETILEMENT=1'AH = 0.68 










DA"E_3~-=.,2 .;;,.6_-,;...7.;.,.9 __ 
JSS By ____________ __ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY,CALIFORNIA 90710 
WORK ORDER 200827 
SHEET NO. ----.;8~_OF 3 9 
SUBJECT ___ P_ro..!.po_s~e __ d_l~3 __ 0_-f:...:.o.:..ot......,;,...d i __ a__ m __ e.:...:te:.:..r __ A __ n __ ~~.:...:n::...n __ a__ A..;,;r __ ra:.s.y..!., __ P...:.i.:..on..:..:e:..:e.:..r ..;;..S.:....:it...:.e-.:(D.:.....:.S.:..S-_;l~l.L..) _____________ _ 
Goldstone, California TOTAl. SETTLEMENT DUE TO DEAD LOAD , ANTENNA NO.2 
TOTAL SETTLEMENT CALCULATIONS 2-3 @' 6'-7' ., , 
o = f 5 ft. p= 200 kips Reference Consol. Curve 2-1 @ 15'-16' 
- -
, . ~.. . .. -. 
- .. -
-. 1'= .. B= 8 ft. 118 pcf H= 5 ft. 
-
5 
0.44 0.60 1.04 0.27 0.48 0.21 0.13 
~10 __ ~ ______ +-____ ~ _____ -+ ____ ~~ ______ +-______ ~ ______ -+ ______ ~ 
12.5 0.74 0.30 1.04 0.88 1. 16 0.28 0.17 
---15--~----~~----~------~----~------~-------+------~------~ 
17.5 1.03 0.18 1.21 1. 16 1.30 0.14 0.08 
---20--~-----+-----~~-----+-----r------+------~-----~------~ 
22.5 i .33 :). i2 1.45 1.38 1.45 0.07 0.04 
~5--r-----~---~----~----~-----+----~~----~--~ 
27.5 1.62 0.09 1.71 1.57 1.62 0.05 0.03 
'--Jo--t-----l!-----+-----..... --.f.----4-----I----...... --~ 
-
TOTAL SETTLEMENT = LAH = 0.45 inches 
'* from Consolidation Curve 





''V - '4. 44; 4 'IS sa, 4!i 
3 .. 26 .. 79 OATE _____ _ 
BY J 5S 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 
WORK OROER 200827 
SHEET NO. 1 0 OF 3 9 
SUBJECT--=P:.!;ro~po~se:.::d~13::.!:0:...:.-!.!:fo~0:!...t !:.d!!::ia:!!;m:.::.e!.!:te:.!..r..::A~n~te:!.n:.!.!n~a ..:::.A:!!.r!.!:ra~y.L' ..!..P..!.!:io!!Cli~e::.!er-=S::..!.i..!.!:te~(D~S~S_-.:...,:11u.} _________ _ 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD « ANTENNA NO.2 
TOTAL SETTLEMENT CALCULATIONS 
D = 12 ft. f 
8 = 12 ft. 
14.5 
p = 200 kips 
lI.' = 118 pcf 
0.86 0.23 
Reference Consol. Curve 2-1 @ 15'-16' 
H = 5 ft. 
1.09 1.00 1.20 0.20 0.12 
---17--~------+-----~~-----+-----~------~~------+_------~----~ 
19.5 1.15 0.14 1.29 1.25 1.35 0.10 0.06 ~22--~------~-----+------~----~-------+------~~------+-----~ 
24.5 1.45 0.10 1.55 1.44 1.51 0.07 0.04 ~27--~--.----~------~----~------~------~------~------~-------
0.03 I ---32--~--·----+-----~~-----+------~------+_------~------~------~ 
29.5 1.74 0.07 1.81 1.61 1.66 0.05 
0.02 I ~37--~------+_------~--__ -4------~------~------~------~------~ I 




. TOTAL SETTLEMENT = LAH = 0.27 inches 
'* from Consolidation .Curve 







PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
200827 WORK OROER ____ _ 
SHEET NO. 11 OF 39 
SUBJECT Proposed 130-foot diameter Antenna Array, Pionet!::!..r-=S~it~e.-l(D~S:..S-.....!l'-!.lL) ________ _ 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.3 





Reference Consol. Curve' 3-1 @15'-16' o = 5 ft. p= 200 kips f --
-
.. .. .. 
-- - . 
. .. -. .-
- -
-
B= 5 ft. l'= 121 pcf H= 5 ft. 
-
7.5 0.45 0.87 1.32- 0.42 0.98 0.56 0.34 
~1Q-:~------~-------4--------~----~-------~------~--------+-----~ 
12.5 0.76 0.37 1.13 0.65 0.88 0.23 0.14 
~1~~----~------4------+-----+-------+------~------~----~ 
17.5 1.06 0.22 1.28 0.83 0.96 0.13 0.08 
22.5 1.36 v.14 1.50 1.01 1.08 0.07 0.04 
~2'5-~-+------~------~-----+---~~------~------+-------~------
27.5 1.66 0.10 1.76 1. 16 1.20 0.04 0.02 
~30--~------~----~------~------+-------+-------+-------+-----~ 
32.5 1.97 0.07 2.04 1.30 1.33 0.03 0.02 
~35--~----~[------~----~~----~------r-------r-------+-------; 
TOTAL SETTLEMENT = LA H = 0.64 inches 
'*' from Consolidation Curve 
~ ..... --------------------------.. ~- .. 
; I , ' 
... 
_~.'_-' '4,0.- ."'.n.; ..... 
OATE_3_-_2_6_-_7_9 __ 
By_.......:.J..::,S..:;S ___ _ 
PACIFIC SOILS ENGINEERING, INC, 
140:! WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORK ORDER_..::.2~0~0~8.::.2~7_ 
SHEET NO . ..:..1.:,2 __ 0F 3 9 
Proposed 130-foot diameter Antenna Array, Pioneer Site (OSS-l1) SUBJECT·--...!----...:-.:...---.:.---=----~----:.--.:..~~-.!...~-.:....----------Goldstone, California TOTAL SETTLEMENT CALCULATIONS, ANTENNA NO.3 
----..... ------..... --------..... --------------------------------------- j TOTAL SETTLEMENT CALCULATIONS 
2-3 @ 6'-7' 
Reference Consol. Curve 3-1 @ 15'-16' p = 200 kips 
8 = 5 ft. 1r = 121 pef 
7.5 0.45 0.87 1.32 
H = 5 f t. 
0.28 0.54 0.26 0.16 ~10,--~------+_----_+------~----_+------_+------~------~~----~ 
12.5 0.76 0.37 1.13 0.65 0.88 0.23 0.14 ~15--4_----~~----~----~~----~------~------~------r_----~ 
. 17.5 1.06 0.22 1.28 0.83 0.96 0.13 0.08 ~20--~----~~--__ ~------~----+_------~------~------+_----_., 
22.5 1.36 0.14 1.50 1.01 1.08 0.07 0.04 ---25--~------~----_+-----~----~------_+------_+------~~----~ 
27.5 1.66 0.10 1.76 1.16 1.20 0.04 0.02 ---30--~------+-----_+------~----_+------_+------~--------~----_; 
32.5 1. 97 0.07 2.04 '1.30 1.33 0.03 0.02 -~5--~------+-----~~----_+------~------~------~------~------~ 
TOTALSETTLEMENT=LAH·· 0,46 inches 




9- MA* ----,-.,.---.---- ~------~~- -·'-~---~-..... _ .. ,----------.. --... 9 .. 4.1JIIII!;W ...... ' ..... tsa_. __ ..
3-26-79 OATE _____ _ 
BY_---.;;;J_S_S ___ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY,CALIFORNIA 90710 
WORK ORDER 200827 
SHEET NO. 1 3 OF 39 
SUBJECT Proposed l30-Foot diameter Antenna Array Pioneer Site (055-11) 
Goldstone, CaliFornia TOTAL SETTLEMENT DUE TO DEAD LOAD , ANTENNA NO.3 
TOTAL SETILEMENT CALCULATIONS 
o = 10ft. f 
B= 10 ft. 
---
12.5 
p = 200 kips 
It' = 121 pcF 
0.76 0.31 
ReFerence Consol. Curve 3-1 @' 15'-16' 
H = 5 ft. 
1.07 0.65 0.85 0.20 0.10 
---15 __ ~. ______ +-____ -+ ______ ~ ____ ~ ________ ~ ______ ~ ______ ~ ______ ~ 
17.5 1.06 0.18 1.24 0.82 0.95 0.13 0.08 
~O--r-----~----~----~---+------~----~----~----~ 
22.5 1.36 O. 12 1.48 1.00 1.06 0.06 0.04 
~25--1-----~r-----~------~----~------~------~------r-----~ 
0.04 27.5 1.75 1. 16 1.20 0.02 
---301---~----~~----~------~----+-------~------~------~----~ 
1.66 0.09 
32.5 1.97 0.07 2.04 1.30 1.33 0.03 0.02 
~35--~-----~r------+------~-----r-------+-----~------~~----~ 
. 
TOTAL SETTLEMENT = LA H = 0.26 inches 
'* from Consolidation .Curve 
\ 
_________________________________ ".:...:'--=--'_' _~ ____ ~_ • :;;;...":ZJ,..."" _______ ~. ~,~. 
_ ...... I!!"IIIII!P~-..,. .... ------~ ... -~----------------...... --------... ,•• ..--.-.-----....... , ...... 0 ... 4l1li4 ...... 4 ...... _ .......... 
t 
DATE 3 - 26 -7 9 
JSS By _______ _ 
PACIFIC SOILS ENGINEEkING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY,CAlIFORNIA 90710 
SUBJECT Propo\ed 130-foot diameter Antenna Array, Pioneer Site (D SS-l1) 
-{ 
WORKORDER 200827 
SHEET NO. 14 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.4" 
TOTAL SEnLEMENT CALCULATIONS 
..' - . 
p = 200 kips Reference Consol. Curve 4-2 @ ] D' _] l' 
B = 5 ft. lr = 121 pcf H = 5 ft. 
7.5 0.45 0.87 1.32 C.23 0.48 0.25 0.15 
~101--~----~~----~------~----+-------~------~------~----~ 
12.5 . 0.76 0.37 1.13 0.33 0.44 0.11 0.07 
---15--~------~----+------~----~------~-------+------~-----~ 
17.5 1.06 0.22 1.28 0.42 0.47 0.05 0.03 
---2~v-~-------+------~------+-----~------~------~~------+-----~ 
22.5 1.36 0.14 1.50 0.48 0.52 0.04 0.02 
~251---r------~------~-----;------+-------~-------+------~~----~ 
27.5 1.66 0.10 1.76 0.56 0.58 0.02 0.01 
~01--+-----+-----~--~~--~-----4------~----~--~ 
32.5 1.97 0.07 2.04 0.60 0.61 0.01 0.01 
~35 __ ~ ____ ~~ ____ ~ ______ ~ ____ +-______ +-______ ~ ______ +-____ ~ 
TOTAL SETTLEMENT = LA H = 0.29 inches 
"* from, Consolidation Curve 







3-26-79 DATf. _____ _ 
BV_=-J .=.S.=.S ___ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
--.-~~.- .-.-. ~ ._ .... 
WOR K ORDER_2;:;..0;:..0;:..a:::.;2:::.;7:--_ 
SHEET NO. 15 OF 39 
SUBJECT·_.:...:Pr:...:0.J:.po:.:s:.::e=-..:.d1=..30:..-..,:.fo::..:o::,:t...:d:.:.,:ia::.m:.:.:e::.te::..:r....;.A...:.:n:.:.,:t=-ei:..;.:"n.:.:a:..:A...:.:r:.:..:ra::...y:...!/....:P~io=.:n~e:.::e.:.r_ .::.S.:..:.ite=-.l:(O:....:S:..:S:....-...:..1..;.,j1)~ ________ _ 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.5 
TOTAL SETTLEMENT CALCULATIONS 
o = f 5 ft. P = 200 kips Reference Consol. Curve 5-3 @' 10'-11' 







7.5 0.45 0.87 1.32 0.17 0.48 0.31 0.19 ~10 
12.5 0.76 0.37 1.13 0.30 0.42 0.12 0.07 ~15 --~-------+-----~~-----+------~------~-----,--~-------+------~ 17.5 1.06 0.22 1.28 0.41 0.47 0.06 0.04 ~20 
22.5 1.36 0.14 1.50 0.49 0.52 0.03 0.0? f--25 
27.5 1.66 0.10 1.76 0.56 0.58 0.02 0.01 
f--30 
. 







. TOTALSETTLEMENT=LAH = 0.34 inches 
'* from Consolidation Curve 
\ 







J S5 By ______ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORKORDER 200827 
SHEET NO. 1 6 of..:3::.,.:9:--.._ 
SUBJEcT·_..:.P:..:ro:..cpo:::s::e:.=d...,:l:..:3;:0-..,:f;:oo:.:t...,:d:,:.i.=:am::.:.;e:.,:t.::,e:....r A:....:.:..:;nt:.;:e.:,::nn::::a:..A:..:.:.:.rr.::,ayw,:..:..:Pi:=.on:..:,:e:.:e:.:,.r -=5~it..=.e...l(D=-=.:5 5:..-...;1..:..11-) _________ _ 
Goldstone, California TOTAL SETTLEMENT DUE TO DEAD LOAD, ANTENNA NO.6 
----
TOTAL SEnLEMENT CALCULATIONS 
. , . 
.. 
o = f 5 ft. P = 200 kips Reference Consol. Curve 6-1 @ 5'-6' 
B= 5 ft. 1r = 128 pcr 
.. 
H = 5 ft. 
5 
7.5 0.48 0.87 1.35 0.22 0.42 0.20 0.12 
~1: 
12.5 0.80 0.37 1. 17 0.31 0.39 0.08 0.05 
~1r-
17.5 1. 12 0.22 1.34 0.37 0.42 0.05 0.03 
~2n. 
22.5 1.44 0.14 1.58 0.44 0.46 0.02 0.01 
-25 
27.5 







TOTA l SETT lEMENT = E A H = 0.22 inches 
'* from Consolirt'ltion .Curve 
, 
40--' . ~~ .2.".:""-" ______ ---""'- __ ~ .. 
.. --------------------------------~~ 
r"Ai $ lkA qw ,4 
-
··1 <: • b 
r ____ · - ... ·-- ........ ___ ~--~-~~ ____ ----...... .----·-__ -.-.... 4_ ••.•• ,........... .-... - ..... 
DATE_3_-_2_6_-_7_9 __ 
BY_-.:J::,..S:;..S:...-__ _ 
PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240rH STREET 
HARBOR CITY. CALIFORNIA 90710 
SUBJECT Proposed 130-foot diameter Antenna Array. Pioneer Site lD 55-11) 
200827 WORK ORDER ____ _ 




Goldstone. California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANJE.NN~A..:-.-, , 
., 
f. 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. Diff. P. = 190 kips 
.' . 
B = 5 ft. H= Sft.·' ,. E = 1687 tsf 
7.5 0.77 0.03 0.03 
12.5 0.35 0.01 0.04 
17.5 0.20 0.01 0.05 
22.5 0.13 0.00 0.05 









4 iPAi£ • fMP 
DATE 3-26-79 
BY J S S 
' .... 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
. - J 4,s 144 14 q = 
WORKORDER 20082:.;;...7~_ 
SHEET NO. 1 8 OF 3 9 
SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (DSS-ll) 
Goldstone, California DIFFERENTIAL SETILEMENT DUE TO WIND LOAD, ANTENNA NO.1 
DIFFERENTIAL .SETTLEMENT CALCULATIONS 
Max. Diff. P. = 190 kips 
-- - . 
8= 8 ft. Of= 10 ft. H= 5 ft. E= 1687 tsf 
~ .~. 
-,0 "\ :-.; . <:;)' "\ ~tU~ ~~ ~ . 
'*''' i' 
~o ~~ 
If-<:;) ~,,~ ~~o ,,~ 
'tl~ c,~ \) ~,,~ ~ ~, c,tU. 
12.5 0.34 0.01 0.01 
17.5 0.19 0.01 0.02 








." .",,'T' --.""'?".'" 
-.--~ .. .........--------,---------~~ 
DATE 3-26-79 
BY J SS 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORK ORDER 200827 
SHEET NO. _1;..:9:""-_0F 3 9 
SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (DSS-11) 
Goldstone, California DIFFERENTIAL SETtlEMENT DUE TO WIND LOAD, ANTENNA NO.1 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. Diff. P. = 190 kips 
.- .. 
8 = 6 ft. H= 5 ft. E = 1687 tsf 
14.5 0.37 0.01 0.01 
17 ~------~------~------~------~ 
19.5 0.20 0.01 0.02 
22 
O. 13 0.00 0.02 




4. *~~~-- ~ __ -- -- --- ~------r"",,-- ~~--..--.--.. _I'11111 .... e-,w,------...... 
DATE __ 3_-_2_6_-_7_9 __ PACIFIC SOILS ENGINEERING, INC. WORK ORDER_2_0_0_8_2_7 __ 
By __ .::..J.::,.S.::,.S __ _ 1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET NO. 20 OF 39 
Proposed 130-foot diameter Antenna Array, Pioneer Site (DS5-11) SUBJECT_--'-____________ ...;..... _________________ _ 
Goldstone. California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANTENNA NO.2 
DIFFERENTIAL' SETTLEMENT CALCULATIONS 












*~ H = 4 P x H 
E 
. ,." , 
H = 5 f _.-..,;,;t~. _ E = 582 tsf 
0.29 0.03 0.09 
0.17 0.02 0.11 
0.12 0.01 O. 12 





. - - ----~- .. -,----~-~~-----...... ------~-....... ...,. . -... ~ .... -
~ 
DATE 3-26-79 
BY_.;;;..J....;.S....;.S ___ _ 
PACIFIC SOILS ENGINEERING, INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORKORDER 200827 
SHEET NO. _2_1 __ 0F 39 
SUBJECT Proposed 130-foot diameter Antenna Ar..;.,;ra;;..olY...r..l.-:P...:.,io:;.,;n..;.:e:..::;e.:..,.r .::...Si:..:..te:::.-lo:(D;...;S~S:..-~l.:...t.1) _________ _ 
Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD I ANTENNA NO.2 
Max. 0 iff. P. = 
8 = .J.4..fL- . 
DIFFERENTIAL SETTLEMENT .CALCULATIONS 
190 kips 
- . 
H = Sf _~~t.a...._ E = 582 tsf 
12.S 0.22 0.02 . 0.02 
17.S 0.14 0.01 0.03 
22.S 0. 10 0.01 0.04 
I 
27.5 0.07 0.01 o.OS 
32.S 0.06 0.01 0.06 










.• Up a.t . A.<. ~""--~~""!':""-'''----:--. ~, -,--~,~, --_ ..., ..... ;: "-"----" ... --,,..,-• -----~. _14 ...... _ ..... ,""""', 7,....,""'. I11III4"''''' """U*-"""O'-AlII!-
'. 
3-26-79 DATE _________ _ 
J 55 8Y ________ __ 
PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240TH STREET 
HARBOR CITY, CALIFORNIA 90710 
WORK OROER __ 2_0_0_8_2_7 __ 
SHEET NO. 22 39 OF ___ 
SUBJECT __ P_ro ..... po_se_d_l_3_0_-_fo_o_t _d_ia_m_e_te_r_A_n_t_en_n_a_A_r_ro-Jy",-=,_P_i...;;..on_e_e_r_S_it_e.-;('-D_S_S-_l_l...!..) _________ _ 
:M 




Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD I ANTENNA NO, 2 , '\ 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. Diff. P. = 190 kips 
- . _. -.. :. - _ .. 
8 = 12 ft. H = _~5..;.ft;..:"._ E = 528 tsf 
0.21 0.02 0.02 
17 
19.5 0.14 0.01 0.03 
22 ~------~------~--------+--------i 
24.5 0.10 0.01 0.04 
27 
29.5 0.07 0.01 0.05 
32 
34.5 0.05 0.01 0.06 





BY J SS 
PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
WORKORDER 200827 
SHEET NO. -=2 .... 3"--_OF 3 9 
SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (055-11> 
Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANTENNA NO.3 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. Oiff. P. = 190 kips 













~ ••. .• .L_ A . 
H = 5 ft. 
--....;...- E = 815 tsf 










3-26-79 DATE _____ _ 
JSS 8Y ______ _ 
PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
'SUBJECT Proposed 130-Foot diameter Antenna Array, Pioneer Site (055-11) 
WORK ORDER 200827 
SHEET NO. 24 OF 39 
---
Goldstone, ColiFornia DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD I ANTENNA NO.3 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. DiFF. P. = 190 kips 
B = 10 Ft. Of = 10 ft. H = 5 F t. E = 815 tsF 
12.5 0.29 0.02 0.02 
17.5 0.17 0.01 0.03 
22.5 0.12 0.01 0.04 
27.5 0.08 0.01 0.05 






- • L! tW .,. at'4 9+.'. $, 14", u¢ .. 
DATE __ 3_-_2_6_-_7_9_ PACIFIC SOILS ENGINEERING. INC. WORKORDER 200827 
SHEET NO. 2 5 OF 3 9 BV_..:,J..:,S..:::S ___ _ 1402 WEST 240TH STREET HARBOR CITV. CALIFORNIA 90710 
SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (OSS-l1) 
Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANTENNA NO.4 
DIFFERENTIAL SETTLEMENT CALCULATIONS 
Max. Difr. P. = 190 kips 
















.• __ ~-6 









DATE: __ ..;.3_-...;;,2..;,6_-..;.,7..;,9_ PACIFIC SOILS ENGINEERING, INC. WORKORDER 200827 
BY_....o!Jw:S:...l:S~ __ _ '402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO .... 2iW6,,--_OF 3 9 
SUBJECT Proposed 130-foot diameter Antenna Arra)" Pioneer Site (D SS-1 )) 
Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANTENNA NO.5 
DIFFERENTIAL SETILEMENT CALCULATIONS 
Max. Diff. P. = 190 kips 










H= 5 ft. E = 1881 tsf 






_ .. _.- -. -- _. __ .- ._. -- -~-~---~---,~ .. --- ~----:--........ -..,.--------4' .• , 4Cpa ,~ '¥* 4P ......, 
DATE_ 3-26-79 
JSS av ______ _ 
PACIFIC SOILS ENGINEERING. INC. 
1402 WEST 240TH STREET 
HARBOR CITV. CALIFORNIA 90710 
WORK ORDER 200827 
27 39 SHEET NO. ___ OF __ _ 
'SUBJECT Proposed 130-foot diameter Antenna Array, Pioneer Site (DS5-11) 
Goldstone, California DIFFERENTIAL SETTLEMENT DUE TO WIND LOAD, ANTENNA NO.6 
DIFFERENTIAL SEnLEI/~tNT CALCULATIONS 
Max. Diff. P. = ]9Q kies 
." _.L-.. _& 
8= 5 ft. Df = 5 ft. H= 
~ ft; - E= 1747 tsf 
~ .~ . • ,0 ~ :-.; . <:>' ":\ ~~ ~~ ~ . 
~fI ~ ~o '\:f 
" e; .<0 ~ 
If <) ~fI~ ~' fI~ 
~ * '> ~fI~ t''' t,;,>~ 
7.5 o.n 0.03 0.03 
12.5 0.35 0.01 0.04 
17.5 0.20 0.01 0.05 
22.5 0.13 0.00 0.05 







.. ,. --" '· ....... ~ ... --.-· .• _'_r" .. ----- .... +. ;. .,V, iPse;!!i!' $$( ( 
DATE:_=-3 -.-;2:..;6=--....:7~9~_ PACIFIC SOILS ENGINEERING, INC. WORK ORDER 200827 
By __ JI.ol.S.l..S ----
1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 
SUBJECT Proposed 130r foot Diameter Antenna Array, Pioneer Site (DSS-11) 
SHEET NO. 28 OF 39 
Goldstone, California BEARING CAPACITY CALCULATIONS, ANTENNA NO.1 
_ = 34 deg. 
Nc = 42 
B = 5ft. 
BEARING CAPACITY: 
q = + 
q = 200(42) + 
q = 35, 175 psf 
C = 200 psf 
N., = 32 
Of = 5 ft. 
0.5(119) 5 (32) + 119(5) (29) 
MAXIMUM BEARING REQUIRED: 
Q = P dl + Pwveffective footing size 
"'f = 119pcf 
Nq = 29 
Q = 200 + 95/(5 x 14) = 4.214 ksf = 4,214 psf 
FACTOR OF SAFETY: 
F.S. = Bearing Capaci~ Max.Bearing Required 
F.S. = 35,175 4,214 






PACIFIC SOILS ENGINEERING, INC. WORK OROER-=2~0.=..;08;..:2::..7 __ _ 
BY ______ _ 1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO. 29 OF_2_9 __ 
SUBJECT_P_ro....!opo_se_d_1_3_0-f_o_o_t_D_ia_m_e_t_er_A_n_t-en_n_a_A_r_rll...LoY":'" _P_io_n_ee_r_S_it_e....;{:....D_S_S-_1_1:....) ________ _ 
Goldstone. California BEARING CAPACITY CALCULATIONS. ANTENNA NO.2 
J1 = 29 deg. 
Nc = 27.5 
B = 8 ft. 
BEARING CAPACITY: 
q = 
c = 225 psf 
N r =13.5 
Of = 5 ft. 
0.5'1 B Ny + 'rDf Nq 
q = 225 (27.5) + 0.5(118)(8)(13.5) + 118 (5) 16 
q = 22,000 psf 




P dl + Pwl/effective footing size 
200 + 95/(8 x 14) 
2.634 ksf = 2,634 psf 
FACTOR OF SAFETY: 
F.S. = Bearing Ca~ac it~ Max.Bearing Required 
F.S. = 22,000 
2,634 
F.S. = 8.4 
y = 118 pcf 
Nq = 16 




DATE_3_-_2_6-_7_9 __ PACIFIC SOILS ENGINEERING. INC. WORK ORDER 200827 
By_--=J:.:;.S:.,S ___ _ 1.02 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 
30 39 SHEET NO. OF __ _ 
SUBJECT Proposed 130-foot Diameter Antenna Array, Pioneer Site (055-11) 
Goldstone, California BEARING CAPACITY CALCULATIONS, ANTENNA NO. 3 
~ = 33 deg. 
Nc = 39 
B = 5 ft. 
BEARING CAPACITY: 
q = 
C = 250 psf 
N-, = 27 
Of = 5 ft. 
= 250(39) + 0.5(121) 5(27) + 121 (5)26 
q = 33,648 psf 
MAXIMUM BEARING REQUIRED 
Q = Pdl + pwl/ effective footing size 
Q = 200 + 95/(5 x 14) 
Q = 4.214 ksf = 4,214 psf 
FACTOR OF SAFETY: 
F.S. = Bearing Capac it~ Max.Bearing Required 
F.S. = 33,648 
4,214 
F.S. = 8.0 
Y = 121 pcf 


















.. • P ;4 Of .1M ;:; 4 
DATE PACIFIC SOILS ENGINEERING, INC. WORK ORDER 200827 3-26-79 
JSS BY ______ _ 1402 weST 240TH STREET 
HARBOR CITY, CALIFORNIA 90710 SHEET NO. 31 OF_3.;..,.9 __ 
SUBJECT Proposed 130-foot Diameter Antenna Array, Pioneer Site (DSS':...;..l.:....r.l) __________ _ 
Goldstone, California BEARING CAPACITY CALCULATIONS, ANTENNA NO.4 
~ = 34 deg. 
N· = 42 c 
B = 5 ft. 
C = 700 psf 
. N)' = 32 
Of = 5 ft. 
BEARING CAPACITY: 
q = CNc + 0.5 Y B Nt' + tDf NC; 
q = 7oo(42) + 0 .5{ 121 )(5)(32) + 121 (5){29) 
q 56,625 psf 








Pdl + Pwl/ effective footing size 
200 + 95/{5 x 14) 






Y = 121 pef 






oiLue .4 0 
oATE_.:.3...::-2::.,:6:..,-,:...79=--__ 
JSS 
PACIFIC SOILS ENGINEERING. INC. WORK ORDER 200827 
BY ______ _ 1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET NO. ~_OF_3_9 __ 
SUBJECT Proposed 130-foot Diameter Antenna Array, Pioneer Site (DSS-ll) 
Goldstone, California BEARING CAPACITY CALCULATIONS, ANTENNA NO.5 
~ = 35 deg. 
Nc = 46 
B :: 5 ft. 
C = 425 psf 
Ny = 37 
Of = 5 ft. 
BEARING CAPACITY: 
q = C Nc + 0.5 yB Ny + "tDf Nq 
q = 425(46) + 0.5(121) 5(37) + 121(5) 33 
q = 50,708 psf 




FACTOR OF SAFETY: 
F.S. = 
F.S. = 
Pdl + Pwl / effective footing size. 
200 + 95/(5 x 14) 





F .5. = 12.0 
-y= 121 pcf 
Nq = 33 








..... _~~ __ '.~"""'--''''--'''---~' ____ ~ _____ ~ ___ '''''' ____ '''''''''-__ --==-__ ''4'''.''4'''i """4Q •. _-"lI""P --"'! .... ~
3-26-79 DATE _____ _ PACIFIC SOILS ENGINEERING, INC. WORK ORDER 200827 
BY_---=J~S.;;;..S __ _ 1402 WEST 240TH S~REET HARBOR CITY. CALIFORNIA 90710 SHEET NO. 33 of....I311.19:--_ 
SUBJECT Proposed 130-foot Diameter Antenna Array, Pioneer Site (OS5-11) 
Goldstone, California BEARING CAPACITY CALCULATION, ANTENNA NO. 6 
~ = 27 
Nc = 24 
B = 5 ft. 
C = 375 psf 
N'( ::: 9 
Of::: 5 ft. 
BEARING CAPACITY: 
q = C Nc + 0.5 1'B Ny + 'tDf N q 
q = 375(24) + 0.5 (128)(5) (9) + 128(5) 13 
q = 20,200 




FACTOR OF SAFETY: 
F .s. = 
F .5. = 
Pdl + Pwl / effecrive footing size 
200 + 95 / (5 x 14) 





F.S. = 4.8 
." = 128 pef 
Nq ::: 13 
.~ 
t · ' ..
, 
3-26-79 DATE _____ _ PACIFIC SOILS ENGINEERING, INC. WORK ORDER 200827 
JSS 8V _____ _ 1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO, 34 OF 39 
SUBJECT_P_r-l0p,-os_e_~_1 .'_ 3_0_-f_o_ot_D_i_o_m,;;..,et_e_r _A_nt~e_nn~a~A_r:..:..r0:...l.y ..!.,~P....:..io:..:.n.;.;:.e.;;...er:....S::...:i.:..:te~(D;.::;S.;;...S_-'::..,;l.J...} ________ _ 
Goldstor,e, Coli£ornjo LATERAL RESISTANCE CALCULATIONS ANTENNA NO. ] , 
B = 5 ft. Of = 5 ft. 
~ = 34deg. c = 200 pef 
L = 2 x diameter = '80 ft. 
LATERAL RESISTANCE DUE TO PASSIVE PRESSURE 
"l" = "9 pcf 
Coefficient of 
Friction = .25 
Rp = l 1/2 t Df
2 tan2 (45 + ~/2) + 2 C Of tan (45 + ~/2») L 
Rp = r 1/2 ("9) (5)2 tan2 (45 + 34/2) + 2 (200) 5 tan (45 + 34/2)] 180 
Rp = '624,000 lb. = 1624 kips 
LATERAL RESISTANCE DUE TO FRICTION 
Rf = Total Dead Load x Coefficient of Friction + C x Effective Fo:>ting Size 
Rr = 800 kips x .25 + .2 x 5 x 14 x4 
Rf = 256 kips 
FACTOR OF SAFETY FOR WIND LOADING 
F .,S. = (Rp + Rf) / Lateral Wind Load 
F.S.= (1624 + 256) = 9.9 
190 
FACTOR OF SAFETY FOR SEISMIC LOADING 
F.S.= (Rp + Rf) / Lat~ral Seismic Lo:.d 




,; .. s 
3-26-79 DATE _____ _ PACIFIC SOILS ENGINEERING, INC. WORK ORDER 200827 
JSS BY _____ _ 1402 WEST 240TH STREET 
HARBOR CITY, CALIFORNIA 90710 SHEET NO. 
35 OF 39 
SUBJECT Proposed 130 f~tyiameter Antenna Array, Pioneer Site (OSS .. 11). 
Goldstone, California LATERAL RESISTANCE CALCULATI(,t\lS, ANTENNA NO.2 
B = 8 ft. Of = 5 ft. y= 118 pef 
J1 = 29 deg. c' = 225 psf Coeffic ient of 
Friction = .25 
L = 2 x Diameter = 180 ft. 
LATERAL RESIS rANCE DUE TO PASSIVE PRESSURE 
Rp = [ 1/2 ~O/ tan2 (45 + .0'/2) + 2 C Of tan (45 + .0'/2) J L 
Rp = (1/2 (118) (5)2 tan2 (45 + 29/2) + 2 (225) (5) tan (45 + 29/2) ] 180 
= 1452,000 Ib = 1452 kips 
LATERAL RESISTANCE DUE TO FRICTION 
= Total Daad Load x Coefficient of Friction + C x Effective Footing Size 
= 800 x .25 + .225 x 8 x 14 x 4 
= 300 kips 
FACTOR OF SAFETY FOR WIND LOAD 
F.S. = (Rp + Rf) / lateral Wind Load 
F.S. = 1452 + 300 = 9.2 
190 
FACTOR OF SAFETY FOR SEISMIC LOADING 
F.S. = (Rp + Rf ) / Lateral Seismic Load 
F.S. = 1452 + 300 = 7.3 
240 
_. .' .. 
. ' 
, 
3-26-79 DATE _____ _ PACIFIC SOILS ENGINEERING, INC. WORK ORDE R_....;..2....;..0.,;..0 8;;,,;;2;.;.,.7 __ 
BY'_--=J::.:S:.:,.S ___ _ 1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO. 36 OF 39 
SUBJECT Proposed 130-foot Diameter Antenna Array, Pioneer Site (055-11) 
Goldstone, California LATERAL RESISTANCE CALCULA;IONS, ANTENNA NO.3 
B = 5ft. Of = 5 ft. 
~ = 33 deg. C = 250 psf 
L = 2 x Diameter = 180ft. 
LATERAL RESISTANCE DUE TO PASSIVE PRESSURE 
Y = 121 pcf 
Coeffic ient of 
Friction = .25 
= 
V 2 2 [ 1/20 Of tan (45 + 1'/2) + 2 C Of tan (45 + 1'/2)] L 
= [ 1/2 (121) (5? tan
2(45 + 33/2 ) + 2 (250) (5) tan (45 + 33/2) ] 
= 1752,000 Ib = 1752 kips 
LATERAL RESISTANCE DUE TO FRICTION 
180 
= Total O~ad Load x Coefficient Friction + C x Effective Footing Size 
= 800 x .25 + .250 x 5 x 14 x 4 
= 270 kips 
FACTOR OF SAFETY FOR WIND LOAOlNG 
F.S. = 
F.S. = 
(Rp + Rf) / Lateral Wind Load 
1752 + 270 = 10.6 
190 
FACTOR OF SAFETY FOR SEISMIC LOADING 
F.S. = 
F.S. = 
# • • • , e- • • • 
(Rp + Rf ) / Lateral Seismic Load 












3-26-79 WORK ORDER 200827 PACIFIC SOILS ENGINEr~-:-·~'~G. INC. OATE _____ _ 
BY_--::J;..;;.S..;;..S ___ _ 1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET NO. _.-;3:,::7_0F 39 
Proposed 130-foot Diameter Antenna Array, Pioneer Site (055-11) SUBJECT_--=-______ • ______ ...:....:.. ____---=-__ .:--_________ _ 
Goldstone, California LATERAL RESISTANCE CALCULATIONS, ANTENNA NO.4 
8 = 5 ft. = 5 ft. 
= 34deg. 700 psf 
L = 2 x Diameter = 180 ft. 
LATERAL RESISTANCE DUE TO PASSIVE PRESSURE: 
Rp = [1/2 'tDf2 tan 2 (45 +~/2 + 2 C Of tan (45 + ~/2)) l 
y= 121 pef 
Coeffic ient of 
Friction = .25 
Rp = [1/2 (121)(5) 2 tan 2 (45 + 34/2) + 2 (700) 5 tan (45 + 34/2)] L 
Rp = 3,332,000 Ibs. = 3,332 kips 
LATERAL RESISTANCE DUE TO FRICTION: 
Rf = Total Dead load x Coefficient of Friction + C x Effective Footing Size 
Rf = 800 x .25 + .70 x 5 x 14 x 4 
Rf = 396 kips 
FACTOR OF SAFETY FOR WIND LOADING: 
F oS. = (Rp + Rf> / lateral Wind Load 
F.S. = 3,332 + 396 = 19.6 
190 
FACTOR OF SAFETY FOR SEISMIC LOADING: 
F.S. = 
F.S. = 
(Rp + Rf> /lateral Sehmic load 
3,332 + 396 





~ . , 
-------~ ..... 
... "'" '. . " 
. . 
DATE: __ 3_-_26_-_79 __ PACIFIC SOILS ENGINEERING. INC. WORK ORDER 200827 
JSS BY_--..;;;..;...;;.. ___ _ 1402 WEST 240TH STREET 
HARBOR CITY. CALIFORNIA 90710 SHEET NO. 38 OF 39 
Proposed 130 foot Diameter Antenna Array, Pioneer Site (DS5-11) SUBJECT_---= _____________ -:....:... __________________ _ 
Goldstcne, California LATERAL RESISTANCE CALCULATIONS, ANTENNA NO.5 
,-----
8 .- S ft. Of = 5 ft. V = 121 pef 
~ = 35 deg. C = 425 psf Coeffic ient of 
Friction = .25 
L = 2 x Diameter = 180 ft. 
LATERAL RESISTANCE DUE TO PASSIVE PRESSURE: 
Rp = [1/2 "iDf 2 tan (45 + ~/2) + 2 C Of tan (45 +~/2)J L 
Rp = [1/2 (121)(5)2 tan (45 + 35/2) + 2 (425) 5 tan (45 + 35/2)] 180 
Rp = 2,474,000 Ibs. = 2,474 kips 
LATERAL RESISTANCE DUE TO 'FRICTION: 
Rr = Total Dead Load x Coefficient of Friction + C x Effective Footing Size 
Rf = 800 x .25 + .425 x 5 x 14 x 4 
Rf = 320 kips 
FACTOR OF SAFETY FOR WIND LOADING: 
F .5. = (Rp + Rf) / Lateral Wind Load 
F.S. = 2,474 + 320 = 14.7 
190 
FACTOR OF SAFETY FOR SEISMIC LOADING: 
F.S. = 
F .5. = 
(Rp + Rf) / lateral Seismic !.oading 






----------------------~--~-- ---, .. - .. ~--,-.. ~ 
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3-26-79 WORK ORDER 200827 PACIFIC SOILS ENGINEERING, INC. DATE _____ _ 
BV_~JS,;;",,;;S ___ _ 1402 WEST 240TH STREET HARBOR CITY. CALIFORNIA 90710 SHEET NO. 39 OF 39 
--
Proposed 130 foot Diameter Antenna Array, Pioneer Site (DSS-l1) SUaJECT----=~-------------=..:-----;......-.-.....:----------
Goldstone, California LATERAL RESISTANCE CALCULATIONS, ANTENNA NO.6 
B = 5 ft. Of = 5 ft. 
~ = 27 deg. C = 375 psf 
L = 2 x Diameter = 180 ft. 
LATERAL RESISTANCE DUE TO PASSIVE PRESSURE: 
"t = 128 pcf 
Coeffic ient of 
Friction = .25 
Rp 
Rp 
= [1/2 YDf 2 tan 2 (45 + ~/2) ~ 2 C Of tan (45 + ~/2)l L 
= [1/2 (128)(5)2 tan 2 (45 + 27/2) + 2(375)(5) tan (45 + 27/2)] L 
Rp = 1,868,000Ibs. = 1,868 kip3 
LATERAL RESISTANCE DUE TO FRICTION: 
Rf = Total Dead Load x Coefficient of Friction + C x Effective Footing Size 
Rf = 800 K x .25 + .375 x 5 x 14 x 4 
= 305 kips 
FACTOR OF SAFETY FOR WIND LOADING: 
F .5. = 
F.S. = 
(Rp + Rf) / Lateral Wind Load 
1,868 + 305 
190 = 
11.4 
FACTOR OF SAFETY FOR SEISMIC LOADING: 
F.S. = (Rp + Rf) / Lateral Seismic Load 
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